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Goals of Al ^cUkuaVI p\skl\ lJIjaS • 
Al Approaches ^UkuaVI * ISill cj 1 ^ * A • 
Al Techniques ^UkuaVl * l£jj| oUjij • 
U£j jiu djluj J*aj CAuVill . ^ 
Techniques that make system to behave as Intelligent 
Biology-inspired Al techniques ^211 cjLjiUl . t 

Branches of Al ^UkuaVl *ISill ^ £jj3 • 
Applications of Al ^UkuaVl f \Skl\ cjlluki • 

References ja.1^1 • 


(QMiti Jl 1AA 
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(j£- 
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vWhat is Artificial Intelligence U 

4£jc. dij ^o"i ^c.liLu-aVI elSiill _ja John McCarthy ^jjl£La ijy^ jUUI m j 

t "the science and engineering of making intelligent machines" j\ CjVVI A-ujdiAj ^Ic. AjU 

.A_ddl CjWI eLudl t. Oflj A-Jjml^.11 jA jl .Aj^dl i-JyjtaJI 4_L^alkj 

i_al^AVI (^ c - oj^SlI t~ij3-»»j ^dl ^1 ni-NII cjaJI ajLiic. I t<ajb a.sj_)*j ^ i».^>j Intelligence e-lddlj 

.i_sj_)*dl 11a (33j *CjVVI ;j CjIjIjjs II idljdj t«.lddl (j-o CjU^jdl t. iI'i-aa (jjldl ^dj (j-a pistil ^k 

11g l-a I_U^*j i^ya jj£Li ^ r. 1 i-» . UVI f.lSdl l_ijj*j ^dalluij Ujl US 

Computational A^jl nn**>Vl T jl -a ill A^aUViml (J!)Lk ^ja AoiAdl CljljJall Ajjlj.} _jA Al ^c.U]=u*aVl c-lddl • 

.models 

Cli3_j]l ^3 (JjJa9l (JSrill (jLuiiV! eUdU t._ inul^ajl (Jxa. A ;US UuiljJ _jA Al ^C.1 iI-u.-iV 1 c-lddl • 

^Ukj ja ^ddl JjaxSI J dip. intelligent agents ^USiVI cX«JI AjJjj j& Al ^Uk^VI *l£dl • 

.Ail-lAi ^ A^.Uu 3 (j-a 3jjj Vlail AjIu dj. 1 3 

: Definitions UjILjsu 

oisu <> 4jjila cjILjju <cjAa-a Uij t SjjslU CjILjsu <U Artificial Intelligence (Al) ^UkuaVI flsUl 


:textbooks 4a^adl t_u£]| 


JaU JkjJuJ t(Jj3c. U_ia aliy 1... jkij (_liujljaJI a (a) 

Ac.Li, (_Ua tda^lLl ^JjoUI aUUI .Ujjj Jill 4 U.-'.Vl Aliojl' ' ^kj^j 

"... U*Uij d^tj-aUi (_Uj tlaljlj3]l 

'The exciting new effort to make computers think .. 

machines with minds, in the full and literal sense' 

(Haugeland, 1985). 'The automation of activities that we 

associate with human thinking, activities such as 

decision-making, problem solving, learning ' (Bellman, 
1978) 

^aLajll ' dU 3 ^- Cy* acaUI cii|jAa]l (b) 

lUljayl ^jS-aUI d* lAH a_lj^UI U-uljJ! . 'A jjI . V1 

d*al|j j '• Q '~^d 

“The study of mental faculties through the use of 

computational models' (Charniak and McDermott, 
1985). 'The study of the computations that make 
it possible to perceive, reason, and act' (Winston, 
1992) 

LaAjc. atsi ‘ -llLajj i._ajUaj J)^lj dlV 1 atjaij] (ja jA" (C) 

/jl /jl. \ ^j£L oj aU*^i d 31 ^ 1 _ d 31 ^ A jiuS Aj-uija ^A t UL-aaV! 

■ ~i 3 ' d—— — 

'The art of creating machines that perform functions 

that require intelligence when performed by people' 

(Kurzweil, 1990), 

'The study of how to make computers do things at 

which, at the moment, people are better' 

(Rich and Knight, 1991) 

»Kk— 11>>j,. i "jj _Jj- jA (d) 

d 3 ^- 3 ja" t"U 3 ljai^. '"'' jl «r. d^ 3 - 3 ^ 

^ r,’~ 3 1 . ^ A-LajLj 

'A field of study that seeks to explain and 

emulate intelligent behavior in terms of 

computational processes' (Schalkoff, 1990) 

'The branch of computer science that is 

concerned with the automation of intelligent 

behavior' (Luger and Stubblefield, 1993) 
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JiaJ AjjLao]! cjULjsu}| 

: JLujVI u ^\ O' 4 ^ 

CjUj^u (_g^3 (^)j(^) ls^ Cjlajj*all lillj Laiu reasoning 4^kia CjUj^ij (b)j(a) CjUj^ijII 

.behavior dl^Ub J&l 


:jLuui1 {j}\ £y* <^IajjsuJ1 . \ 

(b) l ji*A\ cAL>*jJI i^lij Uiu thuman performance ^jkJI *taVl ^-Uill l>^ ( a ) j ( c ) ^ clUj^HI 

.rationality ^jikkli ^'A\j al£iil JUkl l _ y ^ (d) j 
.<aJxu]I c-lkoVI (jl£i Ijj rational Lublac. ^Uajll (jjSL m k**»bLa 

intelligence fLkill 


.mental processes 4_iiAi]l Cill ;l.a»ll (JaJu j»lg-aJ -Luj^a 4j£Jj t<J Ah< <c.l_n^i i j» i.-ii ^_j^jLa jA lialuji LaSi 
:LjS,i l£jLa oljjijc.1 (jljjaJI jl ^Vl t^j tlwla jlj zAc- (jluiiVI ^^1 <aila-a]l <uiAill CjULaaJI (JliaiV Allai t _ 5 L Lua 


(JLaJI Ja Solving problems 
c ^jl l Classification 
aljiixa^l Induction 

(^Ull) diLoUll all. building analogies 
^jjLI I Sjalll 4^JU-a language processing 

Zjp£> AlLalj 


j-lA/yi Creativity 
JaLajVl ajLS£l pattern recognition 
fJajll Learning 
jrliuxa'yi Deduction 
SJLaVl . Optimization 

knowledge and many more. 


:lg_La 4iiLk-a jjj^u LS <,'A\ dljUl j^kj intelligent Behavior djLJ\ 


Perceiving one’s environment. 


4Tint (jjl^ll 


Learning and understanding from experience. 
Knowledge applying successfully in new situations. 
Communicating with others, and more like. 

Acting in complex environments. 

Reasoning to solve problems and discover hidden 
knowledge. 

Thinking abstractly, using analogies. 

Creativity, Ingenuity, Expressive-ness, Curiosity. 


i—jjLaall (j-a ^illj 

a-la-la. aliVk. ( _ s ic. ^laaj i_4jl*-a]l (JjjItm 

a,Vk.all ClAiidl ^ (Jaill 
Aaii^all Ai^ua]l i_sLuaiSilj (JjLuiaII (_kJ jj ■ "aMI 

^'iykUa]l JJC.^ 
o-uii jj'sx'ii 

... JjjJaall turn'll ^^Ic. ajkll 4 -Lc.IjaII 4^-IajVI 


Understanding Al c.\'U,^}\ f tsi!| ^ 


CjV^LuuII *_a^3U (jl ^^1 ^X.1 ikn-iVI a-lSill (_£ia 4i_>*»a (Jk (j-a 


Astored represented Igl /i - an knowledge 4ij*kl UuS 

learned ^.akij intelligent behavior ^£kl dl^UI ^ UuS 
Apriorities aj^jVI jjkij emotions ^ikUJIj motives jaUJI jLa <lL^I CjIj^ jjk^j i_L£ 

A symbols j^aj ^1 sensory signals I oljUVI ^ kn .n ^a£ 
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plan IijItViIIj reason a_iLjJ l^ya i ejj . ^->1 <aJLua Jj L_Sjfi 

? (JaiLa^all 


belief illusion jjll jLa '■LuL^yi phenomena jAljiJI j-lil *l£L]| mechanisms CjUI ^jk n .n UuS 

?love kindness a \U*\\j dreams fear ajjdlj hope J*7'j 
:Hard or Strong Al cJLyaSI j! ^ji]| ^UkuaVI * ISjJI 

replicate (jL^uVI jjij (jl ^jWnnj ^c.1 elfiL e.Lijl ^Jl *_^c.'iLn.-iLn cj^j jjls t^lc. 

i. : ’n^» _i t^LuiV! (Jau> J < _ s nJt 3JVI ^Jc. ^jall (jlkij .ULu human intelligence 

i^ya La “Ls^jJ t A iq\~ttjin (JLacVI (j-a £_uilj (JjtLij l 3...t(jLuijVI (JLaC.1 jLau! ^Jc. (j_j£ls 

<Jj*-a Cjlj^a IJ oVT *Lj Jl >_iLall jl ^jill ^Uk^VI aj^ji .self-consciousness cjlilL jj*_JI 

.ajJJI CjLL 1£]I jc. a a LV i 7 intellectual ability 
:Soft or Weak Al OjiiJI ji <^JI ^UkuaVI * &JI 

t^al^-a Jal/nmV jl t<la-a Jluia jLajl jl -LuiljJi] Software all)' i-s. ajl ^InVnul Jc. (jlJau a <;q-sll ^c.1 ii-u.-iV I elSiill 

.human cognitive ^L^VI a_jj*sl! oljjS V J3 

.Deep Blue j jjgrMI ^cjjLnall ^c-alj iJliLa 
i_olj^a jj^a jg hj j^a tself—awareness aiilLlL ( _ s £._j 1L j^LL V a i^-sll ^c.1 iLn.->Ln «.l£Lll 

. - ~ ~ ^ (Jj Lma .■_'. . ^ jAj 


Cognitive Science tijsull <»Jc. 

■Lul nn"\V I ^iLajll ^1,‘lVnul JLli. ^ya . mind (Jaxll (JaC. A A q|a"i.all alllhjl-i ill ^nVij i sLuo£lLuilj jjjJoj jjj i S-Jj 

Lulj t^iSj V ^Lll ailjUl J ls ±uu tj&\ alu^. aJuS jilj tali^j La ^ ^li t computational models 

.intelligent manner ^£i ^jLj ^LjJI J a_i=u 
a_j3«J ^>Lu]l ^aj^la (jc. (Jjlall t^jSl t^^lj r»_i (_La*j Chess programs 

.gjjLu'iill 
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Goals of Al ^UawSiSI 45 jJI alAAl 

11 g 4*1 ^fLakl i^ya (_slAkl 4 j(_jjI 14 ^ )-um <alii-a]l ^C.1 ~1 l-i . 1 e-lSIi]! Cjlaj_)*j (jl 


1. Systems that think like humans. 

. ^jLuijV 1 (_jLa ^)Vi. ) 

2. Systems that think rationally. 

. (Jkij jfL£3 ( akj . X 

3. Systems that act like humans . 

. (jLaijV l ^aJoj . V 

4. Systems that act rationally. 

. ^j^Lac« (J£joiJ ^JaJ . £ 


:^JtH1 (JjAaJI UiA Igj -Lujjj Clil i-Ng i<i 4jujl ^ "o^ys.ya AiLml! i_sIa&VI ^jxi-n JSLijj 



Human-like 

Rationally 


oluJVI Jla 

Ljvtic 

Think 

(1) Cognitive science Approach 

(2) Laws of thought Approach 


l_j^*4l ^ jlc. A 

jkaill (jjjlj3 4 r^g-La 

Act 

(3) Turing Test Approach 

(4) Rational agent Approach 

JxiJI 

£UJJJJ jlikl A J-N 1X1 



:<Uaa£La 

•(^) J (^) u/y> & '41 (_^3 £-9J (_gfcl ikk/l «.1£4I JLaC.1 i—llc.1 

:General Al Goal ^UkuaVI flSill L*\*l\ ljIjaVI 

. I.*l la ) 19A& (Jljj V • el£4l ^ 

.<3j3uall <ajfLall ^Ig-all 4 K i a ^ (Jik . t 

.action Jaillj perception 4 IjaVI intelligent connection JL^il J^c. .V 

^LuiiVlj (JL-aLiVyj^talll QuhVi . £ 

:Engineering based Al Goal ^cUkuaVI ftsill ljIjaS J& S.ausl4I ^a^JI 
^ 4 intelligent machine ajSaJI dlVVI cliJ dllinlajj dllj^lajj ^o&lLa ^Jil ^-all ^... i'ig II ^-jall Ik ^.»..mij 

.system building *Uj ^ jkjjll 
.Science based Al Goal ^Uk-aVI flSill l^IaaI Js. a^jxaJI ^jidl 
4jUI ^ vocabulary Cjbjkj mechanisms oUTj concepts jj^ki ^kll Ik 

.intelligent behavior ^41 4 jL4I ^ jkjjll ^ t biological intelligent behavior ^1 ^41 


www.myreaders.info/html/artificial_intelligence.html jc. 2sLSj ^13 JT A$i jIac.1 j> ttf c. Ukk yi e l£jJI 4 =- Jl Jaa* 




















99 - 


Al Approaches 

J& tcomputational model ^lui^VI ^JaiJI 4_ilJ jLusJ A U, „lj' 4_jj*l ILLui l&ljji Jill Cj' i-sg j.all 

. l^lc. Jjj ^Uaill c-l.il ^nVI 

:Cognitive science : Think human-like jjLuJVI j^&UI fje (l 

l^jua (jjSj oVVI (jl j«j IIaj t computers think jLLa ^ n.al ^ (Jc. -i^i*! a i-sg ia ^a 

L^ajl Jaju (^£3 tl/O Cjls^a^a j P-L^l ■y’ullj iJJjJI Jc. -laSS 4 i-n g lall j£J Vj 4(J_Jil Jnt.-allj jl J£JI Jw.-allj 4(Jac. 

AjAii liljiui ^llil Jl iaia l. V'lg'l V (Jj (J- (Jj‘^»^» Jl ^i£j <^-a treasoning process jjuiaill aJc. Jl 

J£J t jpu^JI ki Lc. Jl Jj JJI djIJaiJI aLAh* tt J Jl Liajl i_a^ J 4human-like behavior JJ/Ij 

. ^1 g all (_>a9j (JJ (j^ (jLoiiVl I g » f n Jill CjlJaaJJ AjLula 

:Laws of Thought : Think Rationally 4 JJ*aj j^SilSI : jjSiUI jjlj (r 

Ai*j_jaJI AjjiJ ^Ja-aj tjjl m'W'jl ^JLajJI ^1,’lVnnl (JJiLi. (jx mental faculties ApIaHI Cjlj.ia]l <joiljAj A i-sg lall o!a j3P^J 

.act JiJIj reason ji^iillj perceive A JVI (aBU) J^JI J*ai jJl 

provably correct I g'W ^ Jc. Jjabj (jA*JI inference mechanisms JVnJVI cjl Jc. Ja^iall 0 Ja jj 

.Jlui^U optimal solution JliaJI JjJI Jc. lij,^ (>^a3 Jllj 

:oJ*JI J 4j<i)Vua\t oj|j)A^a\lj Jb^I (_W ^lilt A-aJaj! j^Jaj 

jl "(jlB JajjiLuj (jjfL lil Jaljiuj (JS" 

“Socrates is a man. All men are mortal. Therefore Socrates is mortal.” 

. (JV s±ui\ djlp jj^jj trules logical a -ic-ljis Jj i^llajS Jjmqill Cllljc. <C. J*a 4 . V~lg; lilljj 
■ JaliVLai^lj jiuiiillj Ja33 JjLoaII Jaw ^ <j| (jjj IjJlc. A K Jiiallj 

Turing Test : Act Human-like ^luJVI Jl# J*iJ! jUja! ( r 

<ji)£ <iiij f_g\ 4jU)ll A J-I mljj lAjlaul Aic. e.l£ill 4^ lUaTi i—kjUaj J^^ ppYVI «-LJijl J lall sJA ^)JP*p 

>( JLaJI dia_jJI ^3 (JjJaal t'iij (jLupVI Jj 43^^ a-JiVI (J*aj t—Ujjl^a. Ax.1 •. .-1 


Jc. _JjP V <jSJoJI A i-Ng mIU tjja. jJlaJI 4_ajljuaJI (Jjixn (J_ja. _J_}ALaJI 4 ( _JUI ijjluill Jc. V nj*a5l Jc. _JAs 

. (jLuijVI (Jc. Jtlj] JjLio Jllj Jc. JJaaJI J& Jjl (Jp 4 JlljJI Jc. JJ-aaJI ApiiS 

:Turing Test Jjjij jlinl Jll# 

.interrogator 4-jjVn.^ll ^ ^j^-a^kAjj L^jB ^yrxr\.xAi JjVI ^ • 

dISI^-o A_l£joui jjUj (j- 0 tteletype A3jJbaiyc_Siljx3j AL-Jj)V uu^ll ^jJglujj • 

.(jLulVI djj^a jl ^JaaJ UVI 

.aJI l^ja La^plj (jloul l^aa (jlia^iJI ^1 JPJlal 4 _Jj^ 1 ioiaJI (JjIpvj • 

Jaj (jl 1 >>iil (j-oA till (JjLajj 4(jLuiil Jil (jJk-aj Alxaoj 4Ac-iil jjl i—jj-^'nu^ll Jc- -J jjja. UVI (Jjtal • 

. jjLmjV I jA Ajl l-Jjj'n'um^II 

. (_JJ Jl£ UVI (jl Jjluu AlLtaj 4 4_jj;VniiaH Jjpi. J 4 ”i-n -vi 111 Jjjjj jl jAl Uj/I jllal • 

.human—like (jLuuVI t_^ia clra^ 1 yi-^V I j^a <— a^Jlj 
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Rational Agent : Act Rationally aJjSxaj Jail) i^litiaJl Ja^aJ) (* 

4Aaj| ^Luix jlilcV' <^3 ^ l^U dlLiLoatil AjLaui Sl£t^aj ^-j.-Jajj A\ a\\ o^A (Jjl^J 

.automation of intelligence 

^Ic« (J(JjjLaII JS ^9 AjJIHaj ajjjjJallj (JjlJj ^Ac« 4 _i^_La 1I oJlA 

• ^)Jj)Jra \ ^A LiA .Ujli lUJI ^taL imperfect reasoning U*l£ jjc. cjIj^ 

Al Techniques ^^1 QUyu 

. ^C-llLaj-saV I elSill c_flljlA!j ^>1 g a L flVnua ^9 flnJril ta J^xIIa dlLnijj ^C.\ plSill ojJ-laa ^9 Cll^Ja Jill 

.Aqfl'N aII JjLoLaII (J^.1 ;> reason manipulate <jJU-aj represent JAa 4_AAj CjIAAI ^ 

Ijjjc-jj Jl CjljVqill aids t. ~ii'i■ A\ (jfLajj 
"L£j" jJUj jiUalSI (iSjlui Jjlaj CjbiViH . \ 

Techniques that make system to behave as Intelligent 
Biology-inspired Al techniques ^jljjull pk. f-iAIAi jjl\ ^tiAAi . r 

Techniques that make system to behave as Intelligent A£i j^u ^lAAl dljAa oLAAl ^>j 


Describe and match 


Goal reduction 

L 0 ^ <\q*^ 

Constraint satisfaction 

Lja^ll Jaj-Co 

Tree Searching 

oj-s uill CjaAil 

Generate and test 

jliAlj ^llj] 

Rule based systems 

AC-ljil! ( Jaj 


:Biology-inspired Al techniques ^jljjJI ^ 


IU1 


(jjll alil/iq'ill (j-oj 


Neural Networks 
Genetic Algorithms 
Reinforcement learning 


^ ' • . .-1* II dil^n'iill 

^jij'nII CjAajjl 


:"LSj" jJjj ^Uaill djiui Jjlaj ^jl) cjljiViH () 
Describe and Match 4iaUx*llj dLajll Aaliu . > 

t1 in-vVI jA taJ-lA-all <11jsJI ^^Ic. ^tLa_jAC- ^j^Aa ^,’iVi un A jig ill ol\A 

^allaj ji.'iVliaJj (Jtijjl ^Uaj ^ all^/taJI (j-a <C-j-aJk-al (JlSjjVI Cjli£A& Jjaj l^gjluia* jl ^gjjjjala. Jjllaj ^Uaj .at .-ill 

(j-oj t^c.1 ' «.l£AI Jjluja (Ja. ^gi a Ogll “ULjk Jja^jjil A i^-a^ll CjVAJI ^ i^-s JjJlaA 4JLASI (Jliujl 

2 ^ajJ Cjli£}3iJ Iaj3 iiSiuua jl 40JJj£ dlV A. ^ya (jjAij ^gAI (Jjl.ui.all ^C. lg ij l3-i*i “LulAal ^ C. A iVqill oliA '- 7 J JJC- 

.AAjLuiII ^jAliall JSj ' j . —»Q u 1' 

.system’s behavior ^Ikill ja :Model jrijAill 

(j^o jij estates oVtAil (j^ *l£._jAaua (j-a ^ij-ajll liA (j_j£jj i Finite state model a jj.waII aJIaJI 
djjUj <jlUaJl <1UJI TLcbj d^jjj relations ^ajjj tinput events JLk:£U ^a ^Vn .^ll 

.^jjjull AjIUII <j11jAI <llaJI JbJiaj ^ili'nai 
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:Computation model yjLuua.Vl 

4ju^a ie-Jlil! dlVl-a. (3"° tCllVlidl <c.jxi-n. a (Jamijj taJjAa^all <llaJI (jjjj _jA 

<1UJI <JUJ CjVUJIj <kxall j^ajll I g'iq ihj ttransition function Jliiil <Jbj tLiaJ 

: Representation of computational system JjoaUI ^Uaj 

^a 4-i9 a KAJIj tigqnWi (jS-aj ttransition rules JliiiiVI Jic.lja aj t^jlgj a-ii “UlaJ U^j (J,^,ul^ 

.<iuiI,ia 1I JlaliVI ^C.lj3 (jfr 

:Transition relation JtSHVI Ajfetc. 


JtSuVI <a^ jLai Lula . S' yiaJI Jl S <JUJI <fis fUaill Ciil£j t(S, S') ctf laJl <> £jj .ill* jl£ |j) 

.S => S’ JLilb 

:State-transition system 4JU11 JlStij) ^Uaj 
IS tone successor ^.Ij t <K JS^\ ^1& l$J oVUdl £***. cSS b] tdeterministic ^Ikill Via uj&j 
.^Ij i <K (> JS\ l$l JaVl ^ sja.ljll <1UJI Cjjl£ b) non-deterministic b.i^ jjc. li* jj£j 
.^L Li Towers of Hanoi puzzle ^jjU j-IjjI Jllall ii.tj oVUJI jjj oVlauVI J&- JllaSj 

Puzzle of Towers of Hanoi with only 2 disks Laa ^uSl o^ajL £$jU jrl^l 4_«J :Jli» 

Og Hj “LuIjiljVI (jjillaJI ^^Lot-a 4_illj]l “ULuia]! (Ja. 


Initial state Goal state 

■A I I, I I L 

zJaj^iuallj LalUa (JL&juJI ^9 <j-<a ^ 

•j^-' A (^a ^9 ^2>.lj (_>aj3 til^a. • 

. l-> i ujILa t ~j j-s *S ^nVmn (jl (j^s-a i JLxuijVI • 

. CjIj; Its 11 j^a t j < sx'x' (J^Lj (. V~igll ^qVil iij ; 

Cj <0*J A b'W .all (JliiliVl ^J-a^ ,^il LajS 

:Jaaa (jj^-a^a ^Jic- (jJS. 
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[1.2) l) U 

r A_LL, 

/ \ 

121 HI 11 111 -. -* -JL I JL [21 II [1] 



I 1 1 II HI PI II PI [ 1 ] I JL 1 


/ \ / \ 

I I - >JL I JL- -► HH -> -1 A I 

II II [ 1 - 2 ] [ 1 ] II [ 2 ] | 1 | [ 2 | II |] ( 1 . 2 | |1 

Towers of Hanoi puzzle 

ogs Mill Uxll 4jlaJI (ja «.lj£ijl AalliiljVl Cjj/l-^ll (ja 4.1 mi! Mila gA ShOTtSSt Solution (Jglsll j. .^Ig 

. IgLuU ^gjJlVI cjajl Vgaag ogs Mill (JiuiV ^4_ulj£uj/l 


:Goal Reduction Li^JI .Y 


-iaita (Jjia’i^ t IjJcLi^aV I «.l£j]l ^3 knowledge 4jg».all ^^jlgakj/l (_pa_)*JI (ja 4_iaaLk 4jla>. ^Jb i_s.}gjl (gj-ijs'i lillalg^j 

i> <!laa]l oUja.] (_p3jc ^1 Jiiaill (jc. Hjlij logic-based representations (jLiall ^ 

. 4j_}Jta]l (Jjial IC. r . r ^ ^3 jjjLijai LaS t1 g . .-IS c lgj\jjl£ (_pajC. 

toga (ja gj£l tSLlb - goals 4aCg9 gl 4ajjs. [—*1-^1 (_gJI t-Jg-Laakall l V~lgll ^^aggjl ^IiiiVlllj t4 ivi'ill oi& CjLilaC. Luajj jjj 
. lajLa ^ u .-ll i_s.}gJI (jl (Jgkj lga]j (Jga^gjljj tgailoa (Ja>. ^glc. ggg'is'i ^jill 4_jgaJI i—jl-lAVI Jl c_Jj—clj (Ja. 
t^jLuti gl (jaaj) (jJlalal (ja IgaS £-g3 (JS (jg£uj j]l t4_ijljJI 4 jjIjq 3I lags Mill A »n.-i; A lYqill oi& Cjlglrs g_n>igj jig 
L(ja (jg£jug t(JiaV (Jc.j/1 (ja ‘‘‘ill oiA ^jogJ (jl (Jc- t AND/OR 4jiiaia]l 4»^-ggall oi& (jjj JLaJgJg 

Goal levels ljjJI objiuta 

J 4 >>iq-s i<i (_alJlAI Js (_gjlMia.il 4 »>iq-s ia ajl^Vlj togs miIIj IaIjImui J 4_Jlc. i_sljlAl Jk (_gjj,Mia]l 4_dlc. i_sI.}aVI 

. Jc-jH t—sljLAjll (ja 4 jjJ. (JjI^aI Jk (_g! tog's miILj lAlgiuta 

Arcs o-'j&l jliajkaJI 

(gj-igqs’i (Jj'ia’ij tillig t4_i3gia]l node 4 1-iVill ^3 ^ g"i i g (_gagii (Jfsi liJ t(_]aaujU ^gjc.VI dlljjii.iiall (ja 4jkjL Jaglss j_gA 


.(_gjluta3l gpaikia ^^Xiga t-j^A ^gJI ^jluiall ^gJlc. t V'lgjl 

node 4Jailll 

.action goals lg .>ig~s"i (j^aall JJC. 4ji»q|l i_sI^aVI (Jlaj (jiil OJSadl (Jiuul ^gi O^.'ISall 4jcgill i—aljlAj/l (_gA 
i_jl^Aj/lj i—al-i&jn (jjj CjlajUl (Jgoaj (JgJ (ja AND—OR tree/graph (jl /Jj 4-jlaiil 4ajLrJI oj-sMill 4 _uj ~l 1-^1 ■ -I jLj 

.^gjlail (Jlaall ^jJajgau laS t4^jii ! iiall 4jcgill i_sIjaVI j Aii^iSI 4jcgill i_al.}&V!j t4acgall 


www.myreaders.info/html/artificial_intelligence.html Hi ^13 JT 4^i jIjc. 1 (> ^r. r.u.^v 1 s t£iil jc- jiAa 


































99 - 


Goal Reduction gJa ijj Jlia 

(jjoili iJLall (Jl:JiLa facts (j-o \c.ja-\a (Jiu'il tj /j\ <jjI£ <jjLu oj-s/ill (JliLo La^a 

cluaulj JLaJajull (jJ-ii-all ^^Ic. aAa!i*-a jjC. tlAjJC. j)A j!i£l Vail I oAgj tg Iji-aV j/Loj ja^Ata-a (_g^J tg-11. • • .‘La.'iai^ll 

t?sLpkJlj i—iiS. : ( ^a aJIuiaH j .LoLoj 


al j-t ILj » j ail I aJLjj 

improve enjoyment of life 


4 a ijj »1\ .ii' a ■■*’* ■ 

Provide for old age 


ju3i jiij; 

Save money 






i_ 

Go on strike 


Improve standard 
of living 

SUaJt bjLjJ Work less hard 

ulai J£Jaa _J*a*ai 

jLaJl ij 

Earn more money 

^a.UL’Vl eJLJ 

Improve productivity 
AND-OR tree/graph structure 



.(jjjLuil! (JSaill lg i>ijj t _ s ic- lg .>i;a-si Aaja 4jLa.VI Lai 

<_Luaj AJLluJI 4 jja»ui3I AjIJI 
i_sIaaVIj i—sIaaLH (jjj <AajgJI <aLl*J! • 
Ipja Uaa jLaj (^Lll “earning more money” sub-goal i_saa ^a “going on strike” 4 JUII 
“improving enjoyment of i_sAgll U.ja Uaa jjS.7' Iaa Jlaj Ui t “improving standard of living ” 

.life” 


:Alternative ways of trying to solve a goal a1j[^a1 { j 0 L • 

“earn Jlall ^ <Laj jjjL ^ “increasing productivity” 3JUJI j “going on strike” <1UJI 

cjVUit <ioullj ll£Aj....more money” 
:Conjoint sub-goals <£jLla3l J 4jc.jill i-sIaaS/I • 

t “earn more money” J&l Jla i..uA:i J .Lija j-tLj V < “provide for old age” ^a^iatl ,yA\ >_iU^i jJ <> 

.“save money” Jlall jS.a3 J LuaJ j-tLj LLj 
Jajjjj ^jJ| Jaliall ‘iajjVI dlljL.'yi J] i—sAgJil A*J 4_Agj]l ^ lik^i^. liil Aau (jjjLull Jlilall (j-oj 

I J^ LL) (jl jjfLaJ 1 .” 1 l*s_1 ‘ <jalaia]l djllaljjj'y lj 

?aLpJLj ( jHa!ill jljjj :<ULuia]1 

'.A iqLi’ui 4x-lj.Jiaul (_jJI (j-a AjIaVI 

; Ajtlll jl 0jljj jl (JaxIIj t_jl _Jaas\ . ij^i' j j ( ) 
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CjlSjU jl lilLaC ^133] oAbjj jl t(_La*JI (jC 1—jljjJaVl Jf- liLjlj Sjbjj t— JUpj (jl lilllc toLiaJL ^/ixull 

. (Ajg (JSI (J-aC. AuAil j!ii.l (Vlj) J 4 (JLall i. i-nj liA £-oj 4(A-i3L^al 

jjfLilll Allajl t^g-C-1 il-n^iVI e-l^ill Lit.>>3 j^a ^jVI AjjJaalli tAjIaLyi oiA ^ Sykllall AjALall A_ljj]l ^1 Sjbi’yi £'° 
^ IgJ ^c.1 iIn.oV' c-lSaill (JjLuw (jl j±u V V^j*q»~i jpSI A n>i3 ^ mg ill i—ulaJI Lai tjjLuuLU (_£jLall 

.^jVI Ao^Jaall (JjLuw i_llc.l (Jik Aju V] t^LaJI Ja-saaJI 

Constraint Satisfaction Techniques La>JI kyi 

a jm.ViA aJU* t"^jj-a3l (Jiklj ojjI^]I ^uj J :LliLa CjljjiLo sac JLLa. a j'qLi'ui asLIc ja constraint -Lajaill ji .iia]l 

i_-S3ja]I JbJlaL (jjAj tAJJb CjljjlfLII JLijjj Jajjjjujli .ajjljJLj £Jja1L Aal*Ila .lajjaill (j-a ACjai^a (jjdlaj tejjg t'ii 

. Axnlm AiLlaJI (JJauil t(jjl£ (_^l i. V’W jl l^ia 

:Constraint satisfaction L^JI JLajaai jl Ai3 

^nVi (JaJI jLsuVj iCjljaiLall tgj ^jAia-all ^uall JLajjLi]! A-AiJ a~* 1 1-«»j tJLajjajill/Ajjall (j»a Ac.jA^-al (Ja* ^La^j] AalaC. ^A 

.Jj*]l tSatisfaction LtJajll Jaj^jai] lg*Vq AJa^a <_£.Xa dlljjilLall 0 J 1 A 

:Constraint Satisfaction Problem (CSP) and its solution t^j L2aj3) Ljm <11ma 

I<^)-a (CSP) L-ia^ll Jajul <lLai-a jj^Tl • 

•X = {xj.x n } a^i Acj.a-N.a tdjIjjiLall if 

. XjjjiLall lAAsklj (jl (jfLaj ^^Lll A l.a"i^.all ->jijll Dj A ;g"h.all Ac-j.a-N.all tjjUajll if 

.(Dl != D2) HLa tCjSjll (_>aaj Jajjajoll CjljaiLall AjjjLLaua A-laj j^ill ^j£ll L^ ‘L^jxi-n a t-lajjaill if 
j/Lajj tJjS (JS <_LuAjj jl (3jLLaj ^^11 CjljjiLall ^1 J-'i^.^ll (jUaill (j^ ^ajall (jJJ Jaljjjl£ CSP aJLuiaII (Ja. • 

: UJ^! lj' 

. Liu>iHj oJAaj jjl jjj tJjjLa -la-lj (J^. ^ 
.AljjLaj A j.-Aj^a (JjisJI ^;^-s ^ 

.(COP) Constraint Optimization Problem ^liall JUjaill aJL^ t^aJI JaJI jl ^LLall JaJI $ 
cAk\ Jia ij±£ oVU^aj ^LiLu-aVI p\£L 3I tConstraint satisfaction Icajll A ii?il ij±£> CjUijWi ^2ljJ 

^1.ua.V' (Jlaiallj Symbolic Computing AjjjxJI a^JIj Programming Languages A^ajJI 

. Computational Logic 

N-Queens puzzle £-^111*11 Aa*J Jli# 

V (jl jAj L^ajll iajai (jq^'l i"n-\ I 1 g» . > 1 J ^aJJ iN*N IajLuI Ajt3j ^3 alll^lall (j^ N JJ1C LjJl] (jSjl 

.(JjLa (JSaaU jl JjAaJI jl i _l.^ill (_>uaj ^3 (jlaLliiLa (jL^La (jj^j La^jc lilli jjj^jj tAjiijll ^3 (_£ji-l A^La (_J I ASXa 

AjluiJI oLa A ~s (Jikl (j^ I(J^JI 

.(_gji.VI (jC- * ll'l^> -a JjaC ^3 A‘six' J£ jjl (jJajjiij] • 

A L^ill A‘six'll ^3jx> AjJlau ^a J ^a3j Jj^aJI ASlalL Ri (i = 1 tO N) CjljaiLall ijjjl • 

.AjxjjljaJI lA^aj jjLi llj t Rj j Ri ^ 3-»qll (j^ ^aAC JLajxai (jjL> llj • 
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8 - Queens puzzle <jl<ull cjI£1a1! <o*J : Jli# 

ti—(Joa (jlc. (jjpVi (jLaol! ClASiLall <o*J jjl AaJ A (JJaJI <o_)Jooj tN = 8 <-ao 3 taljJl (JfLill Jl Jaollo 

t-iaJj (Joa. lgjl£ SjialiLall (JJoall i—)' m'i^>lo lia 3 Jj jl <*i_)ll (j-o^*J Ioa9 _j] (JjjUaii (_gl t's^IallLo (JJa. ( *-oUlo 

• otj.il (jLjaj^jstx \ aq M (jjLi. JaSSj tljoa-j liLa. t X <0*111 (jl j2>j 




Unique solution 1 Unique solution 2 

(jUUl jjlSlall <o*I! joiloi-a jol^ ^ojajo j£wi 


Map Coloring : 

CjU-Lui^ll lA\\\ Jaj^j l a aJLuiaII ^graph a^jLij jl) 4 _lgjjojj 

. Qjlll (Jjiili ^jJJjjl Vl^ ^(jJLA^Lai^ jfliiVl JaJJjJ U 1 is^k (_£j]l ijoill (JjWn (.“n-N i t^ilio£ Jl Jaoo) 

:JaJI 


:<JaoJal! (jo_jlo <lluui ^,Wn (jl (_Jo^.l ^ja 

. ^(jl_jlV! -at Jalio jjjfL OJuloaI! (JjUaj ^ jo*oaj <laojl! ^<^Lulo^ <I*aj (J£ <oaouoo ^ajj • 

• (joojlj' , >!’« o/li-iqi jll-a....,; (jjj.o».‘loi (_£ I j»o3 ^jVuij ^a-iE. JLojooi ^.iao • 

:Four Color Theorem Ax^\ <jjaj 


jj-la. 1^1 Jill ijjJaliall (j_j£o tl 


tJa49 A qVi< o' (jljll <*ojl jVn>n jjl <LaoJ. (_^l ^ojjjl (JfLi <o! t 5 ^ £ ' <yiajll °j& (j-aoo 

.A ql'i-soi (jl^jllo <j_jLa t<Sjiuioi “Lolc. 



ul^V! <jfrlj; 4iaj>i. 
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Tree Searching tiiaall iaSiS. t 


JJLs. t _ u«Ua jLuia .iLaub (jj 5 L aJLuiaH (Jxj 41 _s 3 gjl (j(->_iVi JLa tdiaJI 'oj'\ ■AjVq*ij 1 g q j .■—1 i (jfLaj (JjUaall (ja jiiS (jl 

ti—Luiliall jl .i-all -Ixj t<Lal£ oj'S ill (JJti. (ja CI 12 JI ^aui-Ij tAlLuiall (Jx 4_JI ^g.a.m .1 (_£ill i—S3gJI (_j‘q*sj t aj-N ill 


.exhaustive search JaliSI UiaJL 

Tree search strategies tUaUII SjaJs cjUvu^lul 
Depth-first search VjS jjaxlL Uvaull 

(j^a 4_Uaj (JS ^3 )il j/Vuia (_£I (j^ (Jla9l _jA 4(J^IS path jLuw (_^l (jl (_p3jliij 4.3j i^g-uiljll a~~ T —»1 U-j Llajl ^xujUj 
lA 3 aj 3 a»jj V 4 LiVi] dead end 4 Jii 4 A LiVi Jl (J_jj*oj 1I jl 4 (JaJI 3 U»jl Jix ^LaLU A j 4 jLuw J iiU _jkj toj'V ill 
jil gjil lg-i9 (jJL Sjxjill A l->qi i_Jjijl Jl (Jlill ^(Wll J t<Cn^ 4_Uaj Jl JJ<aJ 4llx ^Jj t(4jcJ Jalaj 

. 4 jjtgi Jix J.i-all lillj jin ij tlaj 

(j^ljlall ^ aU II (Villa 4 iaaa-allj (j^ljlall LaA 4 (jjC._jj ^Jc. (jjSL d (j£aj backtrack Jkll ^jUII aAac. 
jx 4 (s^ui 3 l JcV) jIuiaII t_y£c. J^is laiic ‘*yj J£ jc. ^jjll Qjli :Chronological backtracking 
j Mi :Dependency directed backtracking .w-all Jkll ^inll \J iUuaUJI node a Li sl l Jl JJ^>JI 

. 4 'ii.all Jc. Jill L$’ t-Uis ^xljllj t—jl-N miV I diljUi. (jE. V] £^.IJI 

a i'i 1 i J <^ii diljljil! (_y=eu jjala-! a ^l ^Jl 1.")% ill ^ j-NjiljUml 41 .(11: H i 11 climbing JjSI (jjl*us dfxj.H ^ 11 - 

<]aaj ^ 4 c.US] pjj ^S 1 i(yUkl Ji^Vl) jUaJI ^ quantitative decision 
ilisll ,*^a=a J!>Lk (> JaJI (jc- a ~"i->;l ' i^Vl Ui^il U U^l ^aaajj :Breadth-first search VjS UaaJI 

.^gjjVl allbjluaall ^ a“ 1—» illj jljau.i.iiVI (Jj 9 C,W< ^jlii.nai ^ nOdeS 
^gjTu.aa] 4 "i*\ ill (j-a tAajUull ^giaVI 1*% ill 4 i-s Viljlaa] <jUj A i-s nljlmV I o 3 A :Beam SOaTCh ^jClsUaill tlvxj.ll 

Cvxall (j-a Via 4 (_JaJI ^1 (Jja-ajll VlaTi*\l Jalaill UUj t^gjTu.aa J£ ^3 JaaS jUxj lg 1^1 t^leVel by level (JljjjjLa 

. l^ia ^)aS A Uq'i ^1 ^^3 

V 1 -a"i*sl jiUVI 4 UVill ^j-a Uaa janVi IgjUl ^c-U-Ull dixall *Uj>U 4 n : Vi :Best—first search Vji (JUa2VI i“ivjll 


.^jlaaal JS (j-a 


Generate and Test (GT) jjHIj ^jial 4ajH .« 

4 i^iaall O' 0 a (^a ‘UaUiLa 43 jjU( t“ i*s n ^OSPs] Ua_)]l 4jUaa (Jxl 4^a,^"s“nn<iH OUajjl_jiJI ^ lie.I 

.4JIMi-all all'll (Ja. 3_ja.j ^3c. CjUSl jl tU_ja._^a (jU (jl t(Jx 3lajl (jxi.Xi Ulajll JLajlu 4jiUa^a (Ja. 4^ajjl_ja3 .JaUjjVI 

.iilli (Jail JjjU tliSj Clij Uia.1 jA 1 g nr. 

Generate-and-test method jj^lj-^-u^jjal ^Jjia 

(jSlj iUia_)ll Jajlo (J'qVi (jl ^g.ia.oj tlxjx (JaJI IliA jjl£ lil La j(iVi 4 (j<aj 4 (JaJll ^ ii^Jall o3A (jxiVi 

.lAjUia.1 4 4-Uaj'iUll ‘-JjUaL 

The algorithm is 

^Generate labels 
iTest satisfaction 
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^yn (j_j£Lo li&j 

.hypotheses I JjUl ^j ^jLa (Generator 4*a) jJp • 

. t _ u .lUJI (JaJI ^jsk. t'La-lLall (JjlrJI ^ya ^i.lj (JS (JaJ £y* (JjJaJI lilt jliiiJ • 

* 4 ^VoM ' o^A ■ ^ ' J) ' r ^ 

^3 ^yaSji ^^jll tCjljjatLollj liiai. (j_j£j tyjjSi ^j3 0JJJ is ^3 tNot Very efficient ac-Uf^ll 4jJlj t."hull (^ 

. laskV I <i^o 

. lilli (_jC. (Jiiluwi (JSuij LJiP^ dllialjjjl .llljlu CjVtaJI liljJJ CjliJaljjaVI (X 

.backtracking approach ts ikJI ^inll Ji* Jjjkj J] as&A I oiA j-lisj t wU£]l ^4) <J*.t <>j 

.4£._jAa^a]l -a (jjJU t l»\l (j^ 4jali-a 4£-_jAa^a ^!i9 5JLuto \A ivtH eiA ^ic. (JllLaSj 

Rule-Based Systems (RBSs) Sjcli k±&: .1 

.(jjaua ui ^_2 sj_j 2 k^a]l a ^ ^a : Rule—Based sjic.13 

c l£ill cjUS ^_a Rule-based systems Quljall 

. IF <condition> THEN <action>: Jlill ^ ^clja - 
.“and/or” trees (J/j) i (3^j 6-llc- -1c. Ij5JI a J±& — 

.rule is triggered ^lill (jpty) Lia ^ 4 qqVi.a (jdjljall lajjjj (JS Lo^JC. — 

RBS Components ^Jljil) Sjclia ^ cjUjL. 
• (jjjljil! eifrlii ^Uaj CllljjfLo (JSLuill gzjJajJ 
. Interpreter Rule Base quIjSJI s. 2 &lij Working Memory <k.till J\ <A«JI s£|j>ll 


Change 


Interpreter 


Conditions ^ 



Working 

Memory 


Rules 


Rule 

Base 


RBS Components 


RBS components - Description Sicll <Jaj CiUjl# dLaj 

Working Memory (WM) SjSli 

Jiuj (J’V m'lj tjjjjljill ^yn A fiu< (Jjjlia. jl -AAIuiaSI i _A c ' lj£j"'‘~''' 1 C)iLy^ oj£!3 ^—A 

< object, attribute, values >. 


www.myreaders.info/html/artificial_intelligence.html ^ ^is Jf j|jc.l ^ .^r. i.u.^v i s l£jj| ^ Jl Ji.^ 









99 - 


.“The color of the car is red” l$j ^Ij < car, color, red > : JUa 
UljU^a (jLaj US .problem-solving session J^UiUI Ja. djUla. 4Sa>a]l ajjUUI ^ L ±d 

. -X. Ijall 4 U , III J~ I 

Rule Base (RB) SjcI£ 

(jA (jjjljall ij.ic.liij tJjUiUI (Ja. djljiaa. yxi iijiaa. (JSUij 1 g 14 .lalj (JS (jjjljall ^ya “icjAa^a ^^Ic. (jjjljii]l o-ic-ls (_gj'iVi 

. ^jla. ijm Vj aljiia-a (Jj-iaij 4_Jc. -i-aU-all 4ij*-a]l (jl-lw 

:^iu JF <condition> THEN <action> JSUll <> ^ Rule syntax <jjjlall 
IF <(temperature, over, 20> THEN <add (ocean, swimable, yes)> 

. (3fiaJ juAjc. UU 4 j (JaxII ojSI il lajliUa JLajUlljlS “UU. ^^3j 

: ls A (jjjljall S-iC-ll ^C. (jUaj A In.aiVI 

“Add” fact(s) to WM Ja*JI s£|j J] ^jlU. 4 iUa] 

“Remove” fact(s) from WM SjSli <> j^lia. «_sia. 

“Modify” fact(s) in WM s£lj ^k (jjUa. 

Interpreter 

jlajl A J-> mljj AiflaJj RB (jjjljall S-lC-lS yA Ijjjla jUaJ tjjjjljall oJc-ll ^laj ^ jn nihil A Wnn.aH Ujl-lcall <jSVI 

<ala. (JSui ^jic. (Jj-i'in ^Aj . Ull-laVI 

ojSlill i gk aj_j 2 L^<JI ^Uajj (jjjljill jUjI ^Retrieval ^-UjUiVI — 1 
.CjUaalii]l ji CjbljixuiaV1 <_jjUojj (Jja-Uj :Refinement (jjmVill — \ 
.(jjjljall (jxj tAjjUiaU]l (jjjljall ^ ^gk (jjjljall ciilij^uaj \iq'n : Execution UYil' —V 


:Biology-inspired Al techniques - h'-' ^Ui rAyr^w (t 

Neural Networks (NN) 4uxua*JI djllUU . l 

4_UU 4_ut_uUI A in .->*11 CjlSn’iill J-aC. <jSU^a .UUV 1 4 _UUjj ^lq»II ^il»‘ill 4 ~.r_''■.U. ^,VI 4 in.->»!! djl Sunil j^JLajj 

^a A V i-a jl Jlatj t." nulVI (JU.j'yi JLaUjl 1 _O' 0 ^ 11» 4 CjUSjj (_^Aj 

,'neUrOnS" CjLjjjjjll (^43^ (jljjl u_ujU]l ^aU A in .-mil nail (Ja.lj ys^J ‘CjU_>aUI ^aU (j-a 4aUa ^ Cj!^ 

toljjl (JSuiSI l gk a i trainable' ALlall ajua._jll oljjjjjl! (j^ ja Perceptron 

.“UUiUI ^-_jj ^c. IjUlc-J (UjUi^j^ A 1 ql-iiji A iqi'q-s jl^c-lS -y^ll ^A Xj, X 2 , ..., X n — 

U jqjq -s {Jk (jj^j t (edges weights of the) Uil^aJI J\jj\ ^ w,, w 2 .w n Cj\jp\ - 

.a iqiU *Uj 3 (jjSjj (threshold) a n»II ^a T — 

. ((jUijj) ^j'U'u lg"i4iq (jjj'n i ajjjllj djUj'S 4 H ^A Y _ 


www.myreaders.info/html/artificial_intelligence.html yc. iUj ^15 JT jIjc.1 j> ttf c. Uku yi e l£dl ^ 


















99 - 



: Jfc Jill A ‘snail l1u!£ Ijl 


Wi Xi + w 2 x 2 + ... + w n x n 


. • ^jLuij Y <Aja3 Ylj ^ (_£jLuij Y disc's .all <j_j£j ju-ljc. T A m 11 i^ya 

l^ya lillij <3jja^a dlaaj'S x^lij CIl^ •v’l-all Aj 3 (j_j£L tSUp©rviS6Ci learning ^jsIjaII -»il»‘ill A dll infill ^hun'i 

. dlaaj-o d^t •v’ull (Jjjdj ^j3 i—jJj ^ )->»"i i—ijjjj Jill -Ul.il] (Jji a"\ e-lij _jA i_a.l& (JaJ 

Genetic Algorithms (GA) ^maJ) dtwjjljaJl .Y 


. ^gX.1 'i In * I e.l£i]l ^3 _jdll (Jla-UI ‘‘UjjjlVill -duijaJI ^_ya <Ja. AdiaUI dLwjjljUl jm'i 


.<JjjIai]l UaJjaUI I^ya A .)VqiII 1 g ]'i.nl Jj dl-s ml ->]l elSl-s ^ lajj -UiiaJI dlwjjIjiJIj 


Mechanics of biological evolution AjjjkUl Ua.jJijjJl dUl 


^ (jjjljill oi& (J-n unj hill lilli ^jSLj *. 'ij^i c q . Wi Jill (jjjljall (j-o <c.jxi-n xi ( J& i*\j organism ^U=u J£ 
dLa_jjj_^j|J> <LJa (Joj^iLui t^gS JoaUI 1 ^ genes cJ n>\t Jaijjj cA n >\\ 

^ye> A£>jAy^ ^yd (j£ 1 -l^.lj d tc5 ^JI jj 1£1S trait iji* Jd gene ja. J£ .chromosomes 

lgjUI.ic.lj dl i~i~s 1 i * ni j .-vd J ^.U^ui u' jj] u^r*' ^l!Lo ^setting ^LdjYI 

JIUu offspring ajJI i> u 1 ^' rj'Jy -organism's genotype Jill] 

Jj (jl (jfLajj .CrOSS OVer j_jj*_]tj ^.ad A ;].a» 11 oilA tj]lj JS dlliia. i. ^gVn Lajj t“n*\ I ti iti-sx' 

. LoLaj (jjtSSI ^^3 jg l-ii ^aj u^j ‘u.. 1 ?*" mutated Jjdi 

:l^L Genetic Algorithms <daJI WjjIjiJI djd J\ ^iki^ Ij&Aj 

Jjjillj tJjaa]|j (jjjsJIj tjUla-Vlj t^jJLuJaJl ^IJlSluiVlj tdiljUxll JJIj AJouiIja JjIulJI JaJ Aj*jja-» AijjL ^ 

.AJIuia!) Ja. jjjLj] 
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: JtjJL ■''j jU' i 0 iA u-aaJjj t Genetic Algorithm Steps AoLaJI AaajjlJJI cjljk* 

.[Start] * jJ) 

.[Fitness] ^A£Lal\/kh$jl\ (Y 
:[New population] <_Aajyi (V 

(a) [Selection] , (b) [Crossover], (c) [Mutation], (d) [Accepting] 

.[Replace] JjJjISI (t 
.[Test] jUiVl (® 
.[Loop] (“t 

(j<a o^^lj (J£J ^ji>i jj Jj Laj9 

: [Start] *JI (Y 

Jail (_Lu)LLa ^.hnaij| ^Cjjj-a^ n Jid Luljxic. population (jl£joi A i*s 11 dlljjlSLil 

:[Fitness] <^±Ji/a \^\ \ (Y 

^aj (jliLuill (^a (X ^jjuj^aji^J *CaJ^yLdl AJC ^ jjkl 

:[New population] a_iU_i)n (V 
: (jlSuiil <oLac. Ja. 3_J1 j3I CjIjItsII jIJuj (jtSuai ^bjl 

:[Selection] c la^V'/jl^V '.) 

. fitness ^uaj^Ldl Jajj >jia t.all (jlSLdl ^a tparent (jjJ CjLajaai_^ajj£ jlI 

: [Crossover] jjJI _Y 

(jjSj j_jj*JI t'O-sj ^ (jlj tOffSpring a.lj.15. Jjj A ;\.a» 1' 0.1A (j-o Jjj tJ ^d!/ CJ ^l Jliij (JLaJaAj ii.VI £-a 

. JjU “CjSI 

: [Mutation] J^i]l .r 

. ^ajjaijaajjfdl J l^.».Sll_^a (j^ £_ila^a (JS oAj^aJI JJ1I Jj t(Jj Vill jl jjVill CjV'.a"Klj iia.VI £-a 

:[Accepting] JJ]I .£ 

. .i-ljl aJjAaJI “Cjill J 

:[Replace] Jj-iJI (£ 

.<^ajjlj)'sl\ j^sL^ol .'ijqVi ^aJ (_£i]l _}.ljl (jl£adl ^al,*lVnul 

:[Test] jliLkVI (° 

(jlSLdl (j^a Jjkll (JjJaSlj oJ_jxll ^aJ l _ S3j!i]l ^aJJ tliLLua jjl^jll (jl£ C] 

:[Loop] jljidl (“1 
. <jjlli3l ojaijl Jl i_lAil 

jjt ^-s j-s ^n a_a jyi <ja jjj gjl tunsupervised learning ^JJI jjc. JiJl cjJjjJJI ^Vn .nj 

. (JJajll <1C jjj ^-aiaj lij£J 4ij__>a»o 4jLi.yi (j_j£sJ jdl ^ ' 1 ..-I* II dll^n'MI (JjSIe. iIihm “Jj^jua 


www.myreaders.info/html/artificial_intelligence.html ^ ^is JT jIjc.1 ^ .^r. i.u.^v i s l£jj| J. jl 








99 - 


Reinforcement Learning (RL) fJsull .V 

Mjaa djI^L (jjli interaction with an environment <lu31 ^ jAj 

Markov decision i—SjSjLo jlj3 CjIjItv _jA jlial ^JLudjj Ajjalll oi& Aajjj 

.processes (MDPs) 

<> acja^aj ^“environment states - S ” oVU a^ja^a :<> RL 

.“rewards - R” cjlialUl CjUjaJiI q* ac^aj factions - A” LjIaJ^I 
J^U. I^JUj a^A\ sjL) (Ja.1 i> tljjuS <% ^ decision-making agent JJN iU^I Jo^c. J&liii 

: CjIj;]-ts Sa*j villij 

.A(st) A CjIa^M Ac.ja~\aj iSt <iull (JjAstll (juiifs“n tt (j-oj L$\ ^ • 

.rt+1 oAjAaJI otilfLilj iSt+1 AjjjII (j-o oAiAaJI “UlaJI (J-n mij t3 <EE A(st) UJ^J 3 La^ jllij • 

cAalSJI aj^j ^aII ‘( :S^A)L^ t-JjluiVi jAaJtll J_jlaJ tAlnll £-° Cjilfrliiill oA& ^^Ic. jLuC-VL • 

.MDPs aAa*]\ Ja.t ^ t R = r 0 + r^. . +r n 

^g'n\'n» a ^3 1 g g ~s i jj t jljall Ac. 1 1 .,-ij ^a (JjLuw ^^lc. 4 ((J>J^‘ a ^ jl) 4 Aj_>Lj 
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Branches of Al 


Logical Al 

tj qJ-> 1 .a]l li-it.-iV 1 «.l£si]l 

Search in Al 

^yC.1 iLit^iV' <il£L3l ^ tliaJI 

Pattern Recognition 

JLaLajV 1 ^^Ic. i— ajajll 

Knowledge Representation 

423^)x-<d! (JjW \ 

Inference 

JVilu.V! 

Common sense knowledge and reasoning 


Learning 

^1*j]| 

Planning 

L. 'L.-v"'U 

Epistemology 

Ai_)*-a]! “Lyiaj 

Ontology 


Heuristics 

i_ilLu£L/l (Jjjla 

Genetic programming 

4_iiial! <a-a^j]l 


Logical Al ^yfoUlt ^UkuaV! fisill 

- a Li'*11 jAuiaj]' {.Ljl ‘La.'lVnu.all (jjj!_ja]l ^ya a tTSaSOning 'jnullll Ajtl _jA (_jlaia]! 

:Types of logic jklAJl 

.^jakiall (jJLia jA : Propositional Logic - 

.CjLjI£ (jjj <&U£ a_u\ .U3.VI JaaJI (jiaia jA :Predicate Logic LjLuaSI - 

. uncertainties j£hll ^ oVU. cWy - 

.An Lilall JJC. “LalLajaVlj 4_LJaali]! CjVLsJI £-a (_jlaia _jA '. FUZZy Logic (_paal»JI/^ jSj^uiaSI (_jlaia]! — 

Temporal logic ciyJ! (jLJ! - 

. I'all ^!_jj! ^j-a-s (jjiLuil LaA (_gS[±ui)j\ ^_g3—i i.a]lj (_£jjaJ! (_gL> i.a]l 

Propositional logic jJaL*]| 

^a <LaaJI . LaALlS (_>aJj t false <l3ali, jl true “LjjL^a Lai (jjSj t<j^a Sentences (J.a-N; JiLaj JjLui^ ^^a 

: false <l]ola "true" <Laoa]l -lab “LjjLi-a (j_j£b La.ljcj t(_£_)iiJil jn ^Vl ii.la._j]! 

If proposition is true, then truth value is "true"; else “false” 

.f*is Lj±kj J li^i “ true” l^lj^ <*ua ciiil£ |j| "Grass is green" UaaJI LLLa 

: Predicate logic jjkL*]! 

(jjjjliaj I j Lij ■ jjjjljjj ^.llauiLM (jlaxa]! (JLojj tl^La!_jC. (JjSj lillLj Aolala, j! “LajL^a .13 “LII.1 _jA .lliuiL/! 

. A j-a^ll (jaujliall A_i]) liL^aa (_£jaa (_jlaia _jA ^jliuiL/l ^Lii-alls . Quantifiers 

:<lLal 

1- “The car Tom is driving is blue" 

2- "The sky is blue" 
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3- "The cover of this book is blue" 

I^bllia ^Jl tbjAi. lq]->i.o JLoj ^^all (_boabl o^A 

AloaJI oJi^a tB(x) ^jliuiVI Ac.lji.-i; ldo9 Ibli tB (^jJabjll ^joiVI iS blue jliuiVI c-UaC-b 1 AUj.ll A.nnilb 

i^till ^jLiuiVI (JSjill Jl 1 aIa^JI tX _yjb Jball (JIIajj t"x is blue" bjoi. IJj B(x) AjjliuiVI 
" The sky is blue" <=> B(x) : x= "the sky" 

Search in Al ^Uk-aVI p ISill J (r 

tAjLaJI djl^.VI JS Ji-o Jbbj jliicVb hdb jll ^problem-solving technique JjIuiJI J*. Ad£ ja bdjl 

. target state l-sJI aJUJI Jl initial state ajjI:ujVI aILJI <> jLo* jUjI JJ 

:ILLu 1 i-n i^ijl bo£ JaAl JLlj diajll dlhuSu 

Depth first ^-Jjl dijl 

Hill climbing (^^a&Vl dijl Jj JJ! Jd £ bdjl 

Breadth first JaVl braJI 

Least cost AiiS Jab drjl 

: Search components d*aJI biUjLg 
. First location drjl s^aJi J JjVl JJI jAj Initial state A-blab^l aIUJI 
. J^i-ajll aLUII CjVUJI :Successor function *LuSM JljbJ Available actions A^lboll djI^Vl 

. 1—S.JI ^jq-s’i ^ye, jSlall JJ JLajjb I Goal test L-gjJl 
. IJI (_L-aj Jill dlVbaJI Jl A-bl-iby! “UbaJI I^ya Jjuiluull AjjiS Jk I Path cost Ji.ii.oll Ail£ 

: Search objective b*JI tiJA 
.AcJoaII bil-ladll A.h.nl 1 . 1 ) alayb i_j Jl aJLJI Jl AjjljV! AlbaJII i^ya 

Search solution bdajl a1Lu> Ja. 

■ A i>iq-si.o A qK'ill bulb Ijl bilbo (jJjj tl -b.JI Jl Ajjlbd/I AlbaJI Jut .oil _jA 

Pattern Recognition (PR) JaU&l C 5 ic. Jijsull (r 

. ^j.*n.-i.o JSI (3° ^bj*j J IjJj 4jJ.iaJI A_J*1I JjJll ^aI ^_ya _jA 

:Duda and Hart <> - 

. 1 q;m.a oJia-all djlam-Till (j-o JiSi jl -l^,lj (jcj “bpball bll.la.VI J blbulSill (jjj A_lajlJI Aablxll _jA 

:Schalkoff - 

oJIoll | Jc. >_Jtjll i_gin -ti jl <_b^ajj -b \\ jA 

:Schurmann ^ - 

.((_}^a) dlll~i**ibball ((_>“) C-LojjiI o-UaC.1 AoLoC. _jA 
.(?biA _jA Lo) Jlyuill Ajtaob ^boilAVI _jA iabajVl (_ 5 -b- 1 _3*-^ — 

:Fukunaga ^ - 

.idllgj nil'll! jl [ A-^ol~ s. oil i^ya (_^bb^ (_ 5 ^) ^bjaall iug'ij jbuVI e-bCaS Aoll A\-\ V j\ Aibbll JljJ Albuw _jA 
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:JaL«JV1 ( _ # ic JjLum 

.Visual inspection J «j\k'\W tMachine vision 5JVI <jj,j - 
.Character recognition ^Jc. - 

.Computer aided diagnosis a^&lauu - 

.Speech recognition £)&1\ I - 

Approaches for Pattern recognition iaUjVI ^ (jjsull 

Template Matching Jlali • 

Statistical classification t. • 

Syntactic or Structural matching JjIj&VIj <LUaJI • 

Template Matching cJUSI AliUxa 

4jl_uu]l t j 1 "illj jjj-Hljj ‘Loatjjll CjJiij jlilc-Vlj £-0 tl^na< j-s .all AiUaAJ A i-Ng i.all 

.i—ujill <c.j.a-s.a jLajC-Vlj Jajljpllj 


Statistical classification <_LiuaHI 

dllc.jx'-N a jVnalj '* ill (j-o c-1..-i 3 <Jaai£ (_paj*jj t(_yujlia jl A * '■ ■-!' .laLaj'yi (j-° -ibdj (J£ (J/l-a'i Jj 

. djljjiaj jl (Jjl-sl dlLia^ia tillij tdjJiAAll eLjafS ^3 A ql"i-s <all dlljljall JjJlak 

Syntactic or Structural matching ^uSpI ^jUsaII 

A lijni) 4_iuil_uil jjJ. iLajl ^ya JjfLa 1 g nVi ^Aj tig ni Cjl£>lc.j SUb — pattemS 4jCj3 iLajl i^ya t_j£Jall k<'ill 

■iljjj t JjLs*A i jj-lsJI i_yajx jj tAJtlll ^Jc. oXdlx^a (JfLaij iLaj^l (_yayu i_j tprimitiVeS 

.grammar <iill .iclj ^Jc. taUie.1 JaJI 

(_£l JlC.I_j3 jjc. (JV 1 ^‘*'V 1 Jjj JlcIjSj jj-iaJI i^ya Jjl JJ1C. JsluiIjj 4j£_)a]I JaLaj^l (j-o *_ Ll-ssj jLaj l-i^Jj 

4.iLaVI (JA (JV.£ i nV Ij t 1' ■ .-i A JaAJ 

.JaLaj^l ,Jc. 1 _djl iVq*i jsaI (jai sjiaklj Neural networks 4jc.lil-it.vyi a '~■ .-i* 1' dil^sn»ll jiVij 

: Applications requiring Pattern recognition LUjVI t_ajxl!1 oUaTt CjlSaJai 
Seismic Analysis Man and Machine Diagnostics 

>jij <fin ol ^ij's >\’n 

Industrial Inspection 

^c.1 n^ill 

Financial Forecast 

JU\ 


Computer Vision 

Medical Diagnosis 

^ i3—»\l 


Image Processing / Segmentation 
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Knowledge Representation 4ij*JI JAw (t 

How do we represent what we know? _a_)*j La (JaLajj 

(JjWilIj 4-ixu)ljj (JjjliaJI oLa £-a JaLtil] t^oxaLw (JjWi t g >Li j-aVI i—jlLujj tJjlaraAl ^a <c.jxi-n .a ^A 43_>*-a]l 

. (Jjl mi- all (Jg mj ,\rall 

Knowledge representation formalisms (techniques) Aij&Alt JjiaA UUa diLjaA 

: 1 g WWl! IcAjjl ^ lU->Ti A q|'i~s .all ^IjVI 

Predicate logic jIviJI 

AajLuJ <i!aLLj tlgA jj-aj Jill AalLuJI (_pa*jl AjjL^a >^3 ^Alj _jA -iLuaiVI 

Semantic networks 2AV:AI cj1£J 

jjjj 4i£Aj<AI jLaj (_jjl_jiiVlj tconcepts ^suAlLa Jlaj A L<q i (J£ i”n*s tgraph ^jLij J-ilrv.a JaaS ^^A a£^iu> 

Frames and scripts cjJjUaVl 

t^A yn JI djlsLLdl t Frame name jLLVI ^1 : (> <jj£ij data structure dAilu J%a J aSu ja frame jlLVI 

. ((jaijljill tdjjjjlill t^Jlaiill) (Jjl.cn II Cjl«.l_jJj C(_£_jVI CjljUaVI Jl dlLL-aJlj djljdjall 

(j^o djl.ia.Vl *AAi,iili.nl (J'n m LliLa tframe - like jUaVI *■}Ain (J£Ua ^l.iaiiuAj (J^aAl ^yu JLijjj scripts 

.occurrence jaIJ^I 

Production rules ^UAVI ju'j* 

jl) (_guuall AajdAI I(jjlja. ^ya ^liiiVI (jj£jj tdjL£j>luAI _jl djljj ..-nil (jjjljall ^ya 4£._jAa-a ^ya ^LiiVI (jjjl_j3 (jjfLu 
. (_g IuiaSI AajdAI ' 19 Vi Jj <jlj lA^nWj Limjl jlUl JLaAl £»a WAVi.a (_Jjjo^all AajdAI (jlfi Ijlj .(THEN jl) (J*all j ( IF 

Inference JVjIuVI (« 

(Jjlia. p t u-s Jj djja. t(Jj3 (^a tjaall Jjju La Jc. 3j-j..all jLaJC-Vlj JlTIml Jc- (Jj- H -A j\cv jl djl^, _jA <JV-lLuiVI 

. 11 q 3—»~i<a (JVddaVI (Jj» .ij iA <aj. Vq\t ^ya sAiAa. 

Deductive Inference ^UIluiVI JVjIuiVI 

(JjJ-i'i.ail ,^3 4_ilc. AaIxjj tAjjLa^a A iqLiixill AiLa^La dul£ i»_ijLl^ 3 _jgj tlllali. ILa V 

.lajsj (jjjljill lj] 'Arsll (Ji-a"nn^ll i^ya jl t^ajL-sall JV^jaaiVI Ajjj^La _jgj ttraditional logic 

Aic. (Jx'-nII i.jl^L-aa 1 ^A |j| IjA Lljj 3—»loll tAjL^iLaj <LalS CjLa_jl*-a ^.1'lVi*..VI (JV.1LJV! t^ lILi'lJ 

. j»Uaj]l ^gAI sAl^, dlLajlaua <91^] 

Inductive Inference ^IjalwVI JVHuiVI 

lAjaj usia t<Lal£ ja*' CliLajIauall ^sl^AI ^^3 <iV 11 .^i JJC. j\ . .-i (J 1 V, Vi. uV I ^ya ^_ji]l IjA ^3 

^_3 <3Ai^a^ ^ i*q A-i *i«aAI ‘LajLall ^^Ac. [Jjn'i (^j]l j 1 * ..gill 4aLaC. ClijtS lil t Ljjj * n3i jl LuljVi * ul ^_gl-> i-all (jjSu t^Amu 

i_jj^ j| AiU^al Jiic. <J^aiAI (Jx'-sll i_jlji^a Ijj Uin.>1 (jjAaiall (jj£jj .^tliLuiVI V lg i^l t^llVnuLU Ig-aC-J 

t-jjJa ^glc Igac. jX^IjjII (_3^ Aai^. £-a tljSj^a dllla. . iTin aVI reasoned i-i nn aJI ^aj-ajJj t^alAaill ^gAI jl ^ya sJu^ga, CjLa_jla-a 

■ 4 A/Atm .all djLa_jl*-all 
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t4 ..-i^• jl A *j/Laj ^'Vi'nuV' lAA (j£LI 4(jljjla]l £_uolu-_J jLLall liUi jjl jLiJ (Ja'Wi tLa jLLa £a>u j LaAjc. iLLLa 

. (jljjU ^jlallxiLl V (jjjJajll jLL»9 t jjjjaj jUall liUiA (jl ^.aui .1 LaAjc. 

Common Sense Knowledge and Reasoning djiuu*]| (j^aJI jAuilll (“v 

. l^aLboi ^Jc. CLadC-l 3JlaJI (Jil V ^Jc. ojAall _jAj . (jailill i—llc-V '^jllall 4_iiAAll Cjljl^-all jA ciljjui^ll (jaiaJI 

(_gjfi'Njj ty/utyi (jjaJI <sj3«-a (j^ ajuuiIj <iifLa ^Jc. jjyi ^-LaAll jjV People can think (jjjLii ^uLUls 

.Ai^a-a]l djlA^j j^o aA^j (_gl ^IaWIj l^jLuiiSlj t5j)*-a]l -jLTi (j^ V-^^Ic. 

^ijLuill ^ *L£l (jjjj tjjjaiUJil :Computer can not thinkj /yjl l ^ik n .n V ajj^UJIj 

jilaij yi^j t^liLillj c-LJiYI (-yihTi CjIjAuj CjLIj (_jA (JiL CjljAii JnLij £jlaLuij V lg 1^1 tjyjC-LUl (JjAaal (_gj juuu 

. lAjjluLall ( JI ^ innljaJI 

I (Jl Jj.iL,.a,ll (ju*sll (jj!i^,lJI ^jji 3 A3j 

Common sense knowledge JjiJI L>U aJI 4ij*-a 
Common sense reasoning JjLiJI L>u yi 
Teaching computers common sense djiuu*JI (j-aJI uuJjaJI ^aalsu 

jLJI Iaa^-L Jill eLLoYI i—jjjaiiyi (jjjjjiil i_sa^j i OpenMind (^c.aj iAILa jLyj MIT Ag».a (j 

jjjlaliSlj i4_^ajjaJI (JLaoVJ ^iLaij j tSeiTiantiC net “UVaII CjISLaAi a it h.-ii liA 4 AjxaII (JLaljj a _ ln'iy 

. JjfLall 

CjULuII oAc.Ia (_gjiVij t jLnll Jjui.a]l (jn-sII Jja-a (Jc. lij 1 ^’ 1 CllljLj sAc-lal (_£jAj JjLa-a j)l£a CYC ^j^Jj-all Lai 

. JJJ-i-all JjIaJI j)^a (jjjLLatl dllLa (jc. e.1j» \ Jlju IjSJ tJjLj>a]l (_jaisJI (_^jlii. j^a <c.jxi-n a jjjjLa ^ .0 ( _ s Lc. 

Learning fJiu}| (V 

.represent Igl /i ^ jL<u ^1 behaviors cjlij^yij facts ^liJI ^ 1 * 2 , ^-aljJI 

Definitions ^i*LJil 

Ijj^xLUa Cjjjj^jA 

li^Y s<iliS J J^l (it^-aJI jl Va^-all (_>aij (J*a ^Uaill ^JUJ ^ijSlLall ^1 Lilli Cllljjijj ^ l» . 'll l" 

:(ju\ ^i j) 

: ^ .... ua (jjajU 

".lHi_aAl <J (“lJAj ^All (J*all ^ oAiLa Cjljjij kc .I H^i jA ^ln'lll" 

I ^g^joilLuiLa AjIjj-ojj 

11 s d (jfLaJ La (JLLaJ (JjA*j jl f-LLij jit, ^ln'ill" 

; (J ntnixi 

<4-a]l j^a ?.IaYI IaI tP s-IaYI (_>aL)Laj T g xiII “Ija ^Jl i—ljjjill ^-a E yj^sAlll j^a ^l»'l i-JjaailaJI u' JW 

"E “Lj_}2Ai1I j^a P (jjLLall AAaj LaS T 

Major Paradigms of Machine Learning 4JV! ^ujll ^jUi]| 

Rote ohjj}' • 
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. sjIc. 1 (j^aj aS\ Aipdl Jiia. t memorization jlghnuVb 

Induction oljiid/l • 

(jjjla IjJlumj (jl JjUj J dip. example aH^H ikJji ajLc. learning by example aLoVL 

. ft-l&LiuiJl a£u^\ ^alc. 

Analogy • 

^-ikLda tJJ (> AijdJI oUjkJI olpldill ^ learning from similarities djlpldi]l ^II 

. ClLaj)\»..a\l A qfiA ill ^ u^ill i^ya jiii! jjj jJaliti]l 

Genetic Algorithms AiipJI CilpjjIpJI • 

jAj <iuijaJI t mimicking processes nature aixiiLJI AaJUJI ^ h-vU JJi ikJji 

jljl ai (Jjiiillj tjpiiijj tj_jpllj t«.laiiVlj t^iM;L>\l ^1,’l'VnuV'j tdlULaxll^dlLaJla-all (Jaliii A I-iml^i (JiLnall (JuJ Ailjia 

.aILJl 1 LU 

Reinforcement SjIjiJI • 

J\ ( J*d] tCjljkiJI i> aL.iL., ^ tAijUjj J aiiL, Aialin ialujl learning from actions djIpVb ( J*LI 

. C. ( _ 5 JO! Igjlj -Ip. dllp-VI 

Planning (A 

i^ya A]_jLt-a aL.L.i jn»j Ail La£ t (Jll miiL (JuJ ^,*lVi..n Alii _jAj 4(JLaC.VI (ji*-o _jL.ii a, 1 (Jpai _jA LiiItViII 

.La i_9ii (Jiidl (JLtSVI 

Planning programs LukkLI g-alji 

. i-j-i^JI Ciljlpj iin» n (JjLv (jc. (jiltoj tJUiVI (jc. ^iilill jilill (j 4 " ‘tip ^sLaL (jc. (jjilinj l-iii 

Benefits of planning Lijk viH Ll^a 
di^ill Jili — ^ 
djLpjLtiill AlfLuia (Jn — y 
.a-UadVI ^LL-aV (jiLuil — V 

Strategy for planning L;L,vi 

. (jjx>a L OA Alj-iSkJJ jjlluj j -lIjJ Ja^a ^A A 1 

Epistemology AjjJaj 

I^Lalx!! Lull*. ^^9 <9 ^jl-<JI <j-<a l^ILAj Aj^laj ^A LuajV 1 

L tiHxa) (Jxaj aAjx^ —) 

.JaJjJallj L<a ju) Ai^)x-a — Y 
.VuU jl aAjx^ “V 

j! (jlS J 4^)3La]1 AjojIjJ ^A 

( ?(if and only if^ ^a Jlj-uaS c (s- 3 ) 
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Adidl (jjj jlalijS Sijxdl ^daj j JLui 

ti—uLa*a id jjl ^ajV Jajdj id jjl i_ S_)XJ (_>u (jfdl 

. i-dLd Id (j! 4jLajL jXjuka jjlj iduLd id jjl (jdjJ (_>a 

S knows that P if and only if P is true; 

S believes that P is true; and S is justified in believing that P is true. 

.4j3I£ jjc. 4ijxd] <LLdl tdbl i h-sII q\ Gettier jfn;■> ^llxll 
. Liljn. jj^ ^Jlx]l ^3 (JjLuiaII (JnJ ‘LjjU-i.a (jj£j ^Jjxdl ^l_jjl “LuiljJ _j& I 

Ontology jjnjJI fie . 

jA A_jn_j]l ^Ic-j tLa (jjLLd V'-a'i^.' jl LlxS A_jn._jdl clidal ( xdln-a <dljAj i^Jlxll idll.A_jn._jdL ^d^J ,A_jn_jil ^lc. 

diliiLlxlIj (jlddil idUi ^^3 objects dilajl^ll (jc. jxuiiii «.Llac.V jj.idunjj (jjxa (jllaj JIaj data model diLLj ^Ajd 

relations 

A l-ij-s .all A \nil jjc. tAi^jxdl (Jdd (Jl£Ldl (j-a (JfLdS liLu^a'y I c.I£a]I ^3 ^d)I.A_jn_jdl jjc. _jl^ .A_jn_j]l ^alc. ^.AVnujj 

lJ lidaj ^_2 j La_jd. ^lxll Idsj . 1 g d cjn jl ^jdlxllj 

jl (jjj.uialb djldl£ll individuals aI J^\ - 

.dilute!! (j^ £-l_jji jl dilxAXj tdil&j^-sx' :classes diUall - 
j\ characteristics dilL^I^ J features djljdd J\ properties ^Ldd ^a :Attributes dilL-dl - 

. jdi £* 4j djid j\ jjtSJ l£L (jj£i ji (j£aj parameters JdUj 
. ^nL/l £-a lAnlj dibulSSI iadjj (jl ^iliinii ddjla relations diliiiHx]l - 
.conceptualization _Sb ljrA ^ U J ^1x11 ^1 *ldl U.u.^.Ontology dilA_jnjdl ^ jb*jj, 

Heuristics <JLw&31 jjL jl ^ddl ^ 

^_jlc. ^3j t^alc. (JfLd Rule Of thumb 4_J_)2d L a )Ja _jl t‘i]lx9j 4 Li 1 .in (jjjl_j9 ^A HeUhStiCS i_LuiSdl ( 3^2a 

. Idajl bLul An jl Jlna (Ja^j 4 bljul An diaj (j^jj jjdjj “Li^jjl_jn ( ^A i—kd^ll (_3__>Ia9 4_j_^ujlnJI 
(Jjlill ^ddvujj tdaSn-a jl <il3A A qK"ll (Jdn-o kii< JIJ‘ frbl CS^ tjj k Itj l—LuiSJI t ^ >L jd^J 

oAA .dab JJC. id)La_jlx^ j! a Mu <a (JjLuia <^n.l_^a dc. lillij tJjLuidl (JnJj t jjdll ^ic. (J_ji^anJlj tdlljljall ^ H ^il i Luaill 

. L_Sjjia]l 4 lie. I dmj Idn (Jaxj (jjjljall 

<L«d Ad ^ (jaiUI ^, iVn .n heuristic functions dldiSVI/i-id^SI JIja tAI programs ^Uk^VI ^ISill ^-aljj 

(_^_>n.VI (j-a (JjJaSl addj dljl£ IAI i_aLujj£lj (jdiaSj ^Andd dLli£j tg03l State a V’lgll “UlnJI (jc. node La 

.L_S 
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Genetic programming (GP) AoLaJI Y 

i^Lu c n"\ t<SLaLttl3 ^gjiui-all ^Jle (J.. 1 '***' 1 C. y° automated method <cLajy^ ^a ^yn-sll 

tAJLukl iul ~n ^»-uGj t^JHuutll JlaJI (GP) A iij-nH <a^aja]l 


i,Kim 


a'i CjIjIts jLaulj ^Uij ‘UL.ua]' <jC. ^jAuiaII 4_illc. CjljGdl (^iVim A^j (jiuiiVI 

:GP Amj$ <JojjLuiI ^_yso\ 4 >nxi-s J-iau (jl ^,*lVnu.al' ^_ya C Jk jjj .Ijb3k 4i^)3«-oj a.i,^*s .o 

.functions Jlj^Jlj tconstants tvariables CjIjjAIsIIS terminals cjkajkll a^j^^ - 

.<4ijlLuiVy^JJ^2dl (J!j.AI ‘ic.jx'-N ^ — 

.jlUl AcjAa-a individuals jIjsVl u-aail Fitness measure I - 

.Run JjAJSUj ^vA l parameters Cjljaiia J AkLoj - 
.Run jjk jbiak criterion jlakl - 

i^jLuiuV 1 iiirv <aj “dLuikl (jc. A W'nu-all Cjljk^dl ^y> <tui.tu) ~nqVi ^ 11 ^c-ak^AI Run (Jj» k'u)) ) . kij 


.(flowchart 
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Applications of Al «£ jJI yUi 

Game playing 4 _«lll JjLuu 

,_£)jaa3l ^jIuiaILj ^c.\ iJ-n.-iLM c.l£lll i_sI.iaI fi* <aa ^lll JLx-all Games i_jI*1L/I 

tel.ic.Ln :LLLa «.l£j cjljlj£ pLijl ^i.»i i_jI*1L/Ij .human - level 

. jaLall (JLa Lujlu ^^lill 4-aC.l.lll 0 waj-> >'Mlj 

lgjLij*j ^aJJ A J' i*a I HfLlua _jA <1*111 (J,)*ui1 
.board i_i*lll < 2 .jl :Initial state <Ll.iLLn <1LJI - 
.successor states eb/tfl oVtaJI eLu :Expand function <*^all <11.11 - 

.<aaUJI <1UJI :Cost function <11.11 - 
.<ulgjll ULa. :Goal test i-s-i^ll — 


llltill 0 wajl i 1L) i_«i i <j*lll .‘ii.lj 

. (jax3j!La jjc. e 1.1c. I — 

. el-lC-L/l (JA (J.LK-a .Ij (Jl (JjLLa <l_}2a .I 1 .I 2 U <^.LaJI — 

Jais L_S.lgJl el.lC.L /1 -laJ (jl L/j <iiaj o- 1 a 1 Cl-li. illiA (j£L ^al (jl <laaa <J* 11 ! g;tWl :<iiajll — 

. a—ijjjiHj 

: Computer Games Aa^bJl ajUJVl 

t^lb_}J! <J*1 Jla (JjJaSl i_jl*l! ^a-li a_Liuil_j^J! tl&jJC-j gjjJ-i.'itllj La!.llH I <1*111 (JUajY <gjLLa alllLljJjAa (—lluil^all 

. YjjjSL&j _ja. <a*l (Jla e^^-au JLSi lg -a.vij a_l_jjjiLal! JljLa uil>il tilljgJ I1& ( * - aj 

t Chess ^j^ln'MI a_i*J ^2 f_)si i ij ) y J 1 jl ( Deep Blue _^L a-u-i^ ^...a* ...all a-ijajLal! jli .liilj 

.Gary Kasparov j.ig...Lll ^jJ\ ^11*1! JLj ^ 

Speech Recognition ^HAll <^lc. Lijaull (Y 

(_gj !luiA ^11 ^allUl ^^Ic. * e Laic. ^ 1 ^ ^ • ^alc. t allLallll i^ya <1 uilui ^11 ^aLl^ll CjIjLjoJ <aLaC. 

.sJjJla^a (_pal__)C.I 

(_)jjLall (jl jjjJiaj (jjx'.’i-a'imrtll i_llcl jjl L/l t La lc_jj (J_jjLa g n^~il tjj.aljaJI ^2 ^aLl^ll *_Sj*jll ^l.’i-s'inil jjl ^aCjlj 

Gall CjLallS-all tVoice dialing ^jj.^ill Jl.^->"iL/1 _ja jLi*-all ^1,’i'v'nuL/lj t^calLLa jliS! Jiaj ^ijlLall “La.jlj 

.Speaker recognition ( aKiall ^ i_sj*ilj tData entry CjLLuII JLkjlj t routing 
aj^JI i^kkll j^Jl ^LL^ s^jall t The spoken language interface 4-aKiall <illl a^ Ij j 

Jl * .-i"‘L I JLLa. (jA ^)'^*sll «. Ija.ljj ijjljLLall CjLa_jla-a . .-!**» ILj jjiaJlaJLAall g.Ai.a .1 t EAASY SABRE AjS^ya^\ 

Understanding Natural Language 3.«nkll Ailll ^ (r 

. Ig -ag^j <ia_uiall (jLuuVI CjLtll lIiajja ^liljLj jaLialL jAgJ NLP A |» i;L>ll <*111 <aJl*-a 
Natural language generation system <j*jJall <illl jJjj ^Lkj 
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<ii]b normal-sounding jjUJiI cjl^YI J] t-jj^UJI databases CjLsLu j. CjlojkJI Jjpu ^Uij ja 

.human language 4 jJJI 
Natural language understanding system <il3l ^Uij 

Ijj (_Jj 9 jj-o <aJl*-oll Ja—ul (j_jSLi A n**»j t(j<-oj Lo jp£l ^ T* g ‘ 1,a (Jj'A (^1 4 jJo 2I 4jtl]l jj-o CjLuc. (J_j^j 


. —_j . ’ -» I 1 


Some major tasks in NLP j .n UI CjLJII <aJU-o ^t^JI (_p«j 

.pi£ JA <illl (j-aj Jjaj :Text-to-Speech (TTS) system ^jlS-^l-Q^j fUau 
.diUKlI (> <luilui J)S1\ oljUl <Aoc:Speech recognition (SR) system ^jlSJI Js. ^Uaj 
J) WuJJI Cjlilll 0-1^. Ij pt£3l j\ (j-aJI :Machine translation (MT) system 4JVI 3 -o.jj fUsu 


^iLo cjljLull ic. Ija ;> cjUjkJI jc. Ai%n information retrieval (IR) system cjUjk^l fUjiui! ^Uaj 

.diiljSjVI jl <—ijjl! j! AiJuVI 

Computer Vision u>whJI Ajjj (i 

j ..Digital Image Processing J*sJ\ j^]\ <Jl*-o :oVU-o jl£sVlj cAJLIIj (^UJI <> k jK jb 
.Computer Graphics (_jj^UJb ^J\j i ^ILLu-aV' cISaIIj (Pattern Recognition .LLoiVl Jc- 
oljiolSJIj <jji2l cll-IA’i.oII (j£J (3-D objects n» 3' olijlfi (j-o (jjuj ^Jl*JI (jl 

. 2-D jbuVI “Lul£ jfc 


(Atoll -Lu^lj jjJ. CjLa_jl*-a lU->Ti t-jjml^.11 4 ;K1I 4jjjll (j^3 (2-D (jjAu Ja-a (J.^( 0 ) (Ja*j o-liiall t 1 

. Atoll 4 _sjLj JiaLLo 4x.j-oi_a LoO (“hnjl Jill 
£-a JlaJI _jA Lofi oAia. ("hinl Jfcj ‘ajul^o Atoll 4_u-lj CjLo_j1*-oJI (J flu'll aJjAt-o (jja Jaa9 Aaji J i>il ~v II dlSjll J 


. (jLuu^li ^ * ^-»'j3l ^IaoA—jVI 

: Examples Ailal 

. 2 ->L»JI siA -t:Face recognition 4^>JI ( J& l_j_)Jto]l 

:Autonomous driving y&uuJI SjUII - 
i_Sjjioll (JS, (_^J (4iii]lj (_>“/(» *t V J^*-oj (_ji(jJ (jLo> (^1 (jlaliilj (j-o V3n (jlall 4 jjC. JjSj ALVINN joUaj 


.4ji.liA3l 

U ^^q|| (Baggage inspection <*ioVI (Handwriting aJI kp<, ^Jc. 

.Photo interpretation jj^\ ^ij ^Manufacturing inspection 

Expert Systems Squill (Jail! 

Aja*I ^aUajll (jjjljill ojlA Ax^j^'V.q (JSuuaJ <^JLolcVIj *JVl 


. CliSjJt 

^jc. 4^)3 La]I J>u2j 4(JjLoIa11 4^^vaII Cjljoijl ^ Man-machine system aJVI-Ja.j31 ^Usu 

. (3j1.uia3I oAA (_pa3«J (Ja. ojl^-oj ((jlU;-oll (J-La. (j-o (JjLuia3I ^3j ((jjauo 
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Knowledge base Sjclia 

(j-o i i a\ **» La embody ’ijm-v'ij i Ah< (_y3 eljjiJI “UjILoj <3j*-all (jai.Vi* .a 

.alkali (j >i» i (J^-l 

.‘LjjjVi ^Ijpslj ^a-ill Aj^jjSLJI (Jjj-iajl (j.nj'V rim ^._jSu (jlSij tajn-vll ^Jaill (Jjl (jl£i ^ ^ V £ jal*JI ^—2 MYOIN ^Uaj 

:Mla i (jjjjLujV I c-l^ i-s 11 “li^puall ^^Ic. ial*j ajjj-sll ^laill 

j\ CjUL*B gj^ .^ 'il l *UaJyi ^'iVn .n :Diagnosis and Troubleshooting JisJI ^X-alj 

.^Hax-al! 

JUiVl ^ f "~-J ^-v ^ Y V S '-^. i—sIjiaVI (j-o 4-c-j.a'^.a (Jiao :Planning and Scheduling Jailaiallj 

.(jljjiallj -IjjItsU !i>lila t^jl nn-sll ^3 o i_j 2 ».Lal! i—Sj^lallj 

tcjl£pil cjliLabj :Financial Decision Making <JU1I oljljill <cli^ 

• ^ ql»*l«all jlaLswall ^^Ic. 

toV!^V' a^Xaj <1*23j cjljLull Jjk^ : Process Monitoring and Control CjUL«JI ^Vil l 

. «.U=ti.VI ■ Wi «.dj ^raiillj t4jt9j!La]l Cjl*^.j!i]lj 
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f ISill ^Al Jauju J^Xa 

|M *L^il>-ls **JI$ J-Ull Jfr 

Problem Solving Search and Control Strategies 


General Problem Solving • 

Search and Control Strategies J *»\j • 

jjfc) Exhaustive Searches • 

Heuristic Search Techniques • 

Constraint Satisfaction Problems (CSPs) and Models joUjj • 


Jl AAA ^BAjA 

(jc. 
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: General Problem Solving JjLu^I 

(. <ii^ij t aJLuia]' e-LiaS j_nin t“ULaJI c' t‘UL.n^]l Ja. t<SLoba3' «.L^aS tdlliyaj 

.<]!..,.ia]I i _Lj*j filial 

: Search and Control Strategies fiaull ^La^luilj iaJI 

i ^)jjljia]!j Cj' m,'lex'll toj-s I'iill t Big — O jjxj ~n'qiM CjLwjjIjiJI el.il i A qU'i.0 CjLakIiai-:x« 


Cill i-Njiljpjai' t(jj-iaJI 4iiSJI iCjaJI jj-oj CllljlaJI eL^a9 (JjlLojII iCiaJI CllLixjjIji. 

.A ;ql~sllj 4 _wLoV1 <\ui\uiSI tCltaJI A y-\ 

jjc) Exhaustive Searches <>Li3l &*JI 

• u/U'Qj'J^-i' (jjj 4jjlLa CliaJI 4_wjjl_ji». CliaJI 4_wjjlji>. 


Heuristic Search Techniques 4 a>*II &aJI oUIS ; 

CliaJI ^I_jjl t<2v^a]l i" i*s jll ^^Ic. (J^"° tCiajU (jjjiaHj diaaJI AjjlLa t“i*\jll (j^ajU^xk 


Constraint Satisfaction Problems (CSPs) and Models LijII jjJ ^jUij JjL** 

tLja^l JjjS (JjLui-o 4_wjjl_ji. ijUli.Vlj ^tliVI tL^ajll .ijjS ^iLaj t(CSPs) Jl <_jC- 4lLal 

. 0 vajl k 
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JdLill Jai U 

(jl (jfLaJ Lo _jA IJjl t(JjLuaall (ja ^C'jj jlllAj t ^C.1 llnn-ij?' al^ill Cjliuiaj jyo jjl 1 ^1 ^joiLoil J..-i'O _jA (JjLuaall (Ja. 
(Jaa JjIuuJI oAAj t<Ajal ^^jtajjall jAaJil jl Aajljll i_aaa. ajlaia£i i^ProblSITlS Iik©^ <lLui.aH 4jnu jl JLuia (jjSa 
j Ja. <1 (JjLmall aAA (ja jals __C. (jl i” 1 i*s t^jtalJI Jbtll (JjLuia jA l^.J IUJ tjjjju_aa lya.laaj 4a*Ja3 dlla Jal J*l Vnula 


.4 -s i>ilj 

al^jll t^a 1 (_£Jlll (J l . ui . a l' ^A IjAj taAuiLlall (Jail (jC- i‘ l-\ ill ajjuila (Jaa (jl JLaj ^aSjl Jbtll (Jj Luia a_llc-lj 

. (_g£. liixL^a VI 

<c.j^c u a problem <lLiJI jaaii j ii^llA cahlu <> JJall j-laj] CjlJaa. ja Problem solving JILaaII Jaj 

. operations ciilaLaxll (ja 4 £. ja-\aj «, objects inAjjlsill j>a <c .aj tgoals i—sIaaVI <ja 

. JLuaall (Ja (Jjla ojjjlai Jjj t^ulalj JJC. i—SJ_)*a qjSj 13 llAj 
valid <aaa_^ll entail (*^aa. JuJ dya. tabstract space ija* aL^a ja :Problem space ajL*a]| fLia 
.ciitijl^ll jya <c.j;xi-N ^ (_jl CjIjLmJI (j^a a (_ 3 j_iWi\I 4 li, .'J (jl (j^oj Jill t states 

. JJa ole. jl lalj (Ja (Jc. (Jj'ia j (jl j/Laj <ll.uuill a I ■ - -1 3 j 
.ljIaaVI jjaaa Jill CjltftSHj CjlolaaJI jya <c._jaaa jA Solution JaJI 

4iiLk- ^IjL jilaal l Lljj tproblem space <lLaall al^a J* Solution Jail jc. daaall <u , v .Ji Search daaJlj 

.search control strategies daaalla jUil l caLajjljJ ja 
jjliaUll jtyaajljLajM laA breadth-first search Ji&l daaJI j depth-first search ^Jjl daaJI ja jt£j 

. iHiaall CjI i-n nljpjoiV 
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General Problem solving JdUllJfr (> 

^A JjLuiAll (_ULLai U£j . ^■C'l 1 ^ic- ^A (JjLoiaII j.uxj 

1,1 a ^-qj illjLuj given data sUa*^ diljLij j\ observed (^jiaIjulq) jlc. diljLij qa 

^'*Wj JjLolJt ttSlli (j-a V-iJj CjIjLijJI ^JA Sjjujlxo L-jIa^IIj CDJjJjLbal! IajIj ^jSuuJ! 

.model-based methods ^\yu ^ sjuuxJI ^kll J Sj-uiLia 11 jjC« ^t^Vunl 
Simon Jja jp f noV J djUuj ja General Problem Solver (GPS) ^l*Jl JjtuiAJt g-aUjj 

Jjj-ijj (jdAllxil ^lc« (GPS) (j^j »(JjLljaaII A_LiLi31 aJVI s-liJ tand Newell 

djlijj (_jLo i LuJaljj A^L-a-a 5 JLuia ^jl LosLujI Ijia ^jJaLijaijj 4 1oqI c machines CjVVI (J^la-Lo 

L_lxJj (JjLoiaIIj idlljjlajlt 

IjlA (jfLlj 66£.li£j LliJaljj Ig’lC.'jt.o <^IL Cy* 6(_^jlA aJLoix (JlLo (JjLuia GPS «lSj 

.Real - World JjLui^ ^ja LI ^ja ^ j^au 

r^j A m a JjLua^ ^aUaj c-LJj 

,<S^a (j^Ladl aJLoixJI ci^ ajjI^jII diVtaJI ^L^jL ^aJLij aJLuiaII e_Ljxj • 

Ax.jn^ll AiSLudl diLuSill A-Lujllc ^Ic- ^)jjL lg-1 (jjSj u' j/LaJ Jill “Lal^JI <l}lalI kllljo^ll AIajIj t aJIuuJI (JjWl • 

.“ULuiaII (Ja* (Ja^l jp 

. ^JL.n-all AjJjjJjUall J_)*-oll ^alpa Jj'(Jjc. * 

■ <jjU->^\l <ULuia]I Jc. l^aaflajj (JjJaaVl (JaJI dlL ./a Jiij jliiiJ • 

Problem Definitions CjUj^ 

s^gJtjll Jl ^tiaj 1x1 a-Uac-Vj trelations l^jla!)lc.j elements lA^alic. (_3£>l3 <jp- ‘UL.nxJil 
Uu oUjISJ 4^aA\ configurations lUAj state space oVUJ duaa .> 

.^liVnn^ll ^U^ajVI lilli ^g3 

o^A iA aJLuu^I (Ja. I Ay J CjVIXI a -| 3. ^>1 tdiVtaJI jl “UL^JI lilij AjA^j .t 

.initial states 4-u\si^\ oVUJI 

.goal States a V~lgll CjVtaJb ^A. 1 .^ OVl^aJI oAA t<SLubal3 “U_yLa (Jjla. (j_jS Lajj ^^1 dlVt^JI j\ “UliJI AjAaj .r 

,A^.l!La]l ^(JUuaiVI) (Jlx3VI *_a > ■-!' . 1 

a-1..-i 3 ^>JC. I&a9j (Jalij dlLiayjljIluil !^-a ^alAiJluil A Jnmljj (jl ^ (j-a <Sluia\l (j^aJ 

.a V~lgll “ULiJI Jl “LuIAIjVI ‘UlaiJI j^a jLuiaII Alayl Jj Jia. ‘UL.uaII 

Jla ^AVinn (_JI “Ualxll 4_Jj/1 jmjj t(Jjl.uutil (J. CjlaLaC. ^^joiLujI aja». Ciayllj tSearch CxaJ! j i_sjjj A II oAA 

s_)AutiA]l (_gjia]l 2"°A 4-iLaC. (^aJI frameWOrk (Ja*JI jtial CliaJI j»Aaj .. Ijj^Jj t c jX-A sjAutyall (jjail diil£ 

<]|. lM1 xJil ^a a IjJ (_JaJ 
y (JjIuiaS ^c.1 • .j. ,-iV | a.tSj]l (JjLui-a j^a AAc. Ax. 1 •. .-i Jjj 
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Search and Control Strategies -fj " 11 (v 

tCiaJlj ^ Vill dll I-V filjiml ^Ijjl 1. 'ql"i-\.a i"i-v ill JJ-uti t-UL^all «.L^a3 ^ (J(jc. dl^fil Jl i^» )j A xiKH 

. <]lui.a]l «.Uia9 ^3 A i-iVllI (J_jj^3_j]I 4j9 ^ajj (_£i]l t»_UJjj]l -}dLj A l~i * nl^j A i-NjiljUmV' 

I^ddll jlsuVI ^ dl2»JI djlxadjljiuil ^ajSjj 
Space complexity 3 JLiJI *1^ Akdj Time complexity (<dd>ll 4iKll) dijll jdbdj Completeness ^Idll 

.Optimality JaJI aJiJj 

.<jl 1 -N jlljlmlj diadl diLbajjl_jd ^_)dj ^aJ (j-aj 4 ^ A & -all dl-NjH Cjliklla^a^ (_pa*J _jiuj LaaS 

Search related terms 41k!* cjl^Ikuxaj dt*JI .) 


Search d*aJI . Y 

. l—S-l^JI AJUdll Start/root j.laJI/dljl.iij'yi “UlaaAl jlui.a]l 4A_)*-a (J^.1 a dd/l^a <C-JX|-N a\ ^^-oUaj jliidl jA idllaJI 

tJjjasVl “CLa.yi Jl 4_)3^ua]l Jjljull CiaJI c Jack of knowledge 4i_)*-a]l ^dii sjIe. drsJI 

( ^ a (_jjUaij <1UJ|I ^1 Adld/^l “UlaaAl (j-o jLuidi (_paj3«j t4jda.l _jA diadl 4_id)jl_jd dlla^ida 

:general-purpose (jkjill 4^ JjIu*a 1I J* J*V 4_*iq jA Search &aJlj 

diaaJI (JjjJa t4 “ '"V'll «.dia3 (JlLaj ^^lill “LuLnll oj-s ifill A i i» a l _ya jl.^^ill nodes JLaliill jlady i"l^»_ill (_d*j 

jlrk J\ ;> jq Vil l (jj^j a^A I CjljUiJI t'intelligently" Jld search space draJI ^Ljaa UildddL 

Search tree diaJI 


diiull jjjla-o (jjijj idjljl_n]l j.,-il'io (jc. di-sjll ojlkl da.'l'Vnu.a CllljjduA]l sJJbtllo diaJI 


.SUa*_dl 



ialiill i_id£luuj root dc. iO-n ill I^jj 

^1 goal node i_j^JI a Wq il l jc di-vil l nodes 

. aJI.uia 1I 1 g_llc^ -ld*j (^^jll dijjdll jl i_ijjiall (j'q-s'i 

Aj_jjLa A ]-iq 1 ^_jl t (JjLuball (_pa»J (_Ja>l (j^_S 

.JjUuII JUJI ^ Jj N j n ^g il l 4 JaJl 
Vjj3 jj£VI ,_^A J A Wq'lll (j_J^ L^didl (_paaj 
. j^dl ^ Wq ill i_jjaVI (_^j!1uia]I ^ 
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Search Algorithms 

aUlLiAjjIjill Lm ■ ,'’i V * \a* A\ JflmA.llj l ^ r. 1 U, ^VI e.l£ill aillLlniaj ^-3 ji.hhu'i Aa*I 1 IV 1 II all^jll CllLiAjjLi. ^yj£ 
AaasLsJI dlLliSJI i^ya ^)ja£ jjjlaj 3a3 ta£lli ^^lc. C-ljjj t^l*^!' (jA^lIj (_^sou ^yajJa jlaul AjAilSull 

l _ s ^ heuristic functions a_Li£ll Jljj CjUojjIjSJIj theuristic functions i_LL£ll Jljj f hVL ,,Li 

*b1 ^jSj l$J)! t<;£i 4il£j jiL ilia. <j£i Cu.ij] i_ii£ll CjUojjlji.j theuristic algorithms a_Li £11 aliLiAjjljA. 
jLaa aas^jLI diULull (^o feedback ajusJjII <jjiijll aiiljAAA a£.Ij l$jV to«-li£ jii£i LjsuI i_LiSlI aiiLiAjjl^kj 


. CLtaall 

<> tBrute-force *liA*ll-Sjall cjLwjJji j! Uninformed search a^jaII jjc &aJl • 

.AILaaII A jU-iTi La (jjjLlaJ jLi. (jl£ I 3 J La (J^Il A |£^^ 1 I allljl i- siI J£ ^aJJ 11” l-> ill f. '..A 3 (JLLa, 

(jj£j Jlj^l 0 La ti_LL£ll Jljj CjLwjjIjiJI 0 La ^VL .n Informed search 4 a>* 1! d**JI 

CjUaLul>£ • 

^Lll /^ajll Aja£ JjlVll a 1 jL^_a tilljj 11” )*s ill f. LiaS JLLi. J_ja t,”l*s_lllj J '• . ,L 1 g qj 1 3 —1*1 ^aJJj t All > nail ^ Ua*s A -a 

. i" i-\ ill A 3 j».'.l,.,>,.) 

Traveling JljaJI ^jbll aSLaaj tAa^ jjc. SjjLaAA tA Li%l Aj^.jm allau «.ljl ^jlaLtAJ e^i-sll i_La£1! AaII 

i_alLu£! ;> Vi tgood solution iaJI a_sLii£l aJu^J! (jj£j alu^ adUil JLia Salesman Problem (TSP) 

.best solution JiaiVt JaJI 

t jLaaIL j/nll AILaaII AaILsLII CjLa_jl*-all ^1,’lVnnb aliaJI ja'imli t^TSP^ JjVi^ll ^jLJI aSL.ha! AgjLLall (JjLaaII 

jic.Lutj CjI iiVill sLa tJjJasL/l (J^aaII (_LaJI 1_iLSSI Lallj ^jl ^£a,.i V Ail ^a t<l ^iLj *_i^ll (_gJJ t-jjal (jj£j 

. ^jjlj)fl»A f. LUaSj (j-aj ^JLLk ^jA . (JraJI 1_ 1 LS 3 SI 

: l^AA A3 jj*a 1I a" 1-v ill CjUajjI j£. (^)A JJlC. lilLiAj 


Generate and Test Search (_pajj9l t" \ . ^ 
Best-first Search ^J\ (JjaaVl jc. dj^JI .t 
Greedy Search ^UUI di^JI .V 
A* Search A* aliaJI . £ 
Constraint Search ipiL disJI .o 
Means-ends analysis ajjILaI! ajI^II JjI^ .“i 

.IgAA Aj£_>a jl lg ic. sjjlaA alljl£ 

Hierarchical Representation of Search Algorithms diaJI cjUAjjIjil 

JJC-J Aa._jAll a"> ill LaAj t"l^;ll (JJAaLaL/I Qiqin^TilL toLjl (J£ai 1I ^ ^aiajA aliaull allLiAjjl_ji. a_Jc.l (JaIaj 

JaLLII aiisJI J) brute-force Aij^ill ajill Luajl ljr ^ Uninformed Search a^jaII jjc LIj^JI tAa^All 
.l>£ (j_j£j V ^3 tLULlj taliaAll jUjV aILaaII jc. aijLa^Lua ^. iVn .n V aJj t blind tliaall J) exhaustive 

^£L1I L-^iH jl heuristic search aJui£ll aJI ^ alraJL Luajl ^ Informed Search a^^aII aLr^lIj 
2JUJI ^11 asIuiaII l>a^ Sjtft taii^all ojic.Laa (J^.1 jja aILaaII (jc. a gnu a aiiLa_jLtA ^.'lA'inn aa3j a i ntel I igent search 

.Haa oJIC-ImiaII al)Lo_jLtA jjA^aal oAiilj LalU (jSaaII jja V ^3 Aj£lj tlya£ alrvill *■ V^H 
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Fig. Different Search Algorithms 


Search Space fLoa 

C1]|jPja3I \ (Jjjiajj (jfjVi I liAj . t" 1**» ill c-1..-I 3 ^.Amj la A K li-a jl jfLaj tillVtaJI (j-a Ac. j-a-N a _jA 

. Igjjj Ia)3 (JaoIjjJI <j]I L_a_}*j 4 j£_}a]I 

.Goal state iJLaJI ^ 1 \ Start ^a jLaaJI ia. ijlia 
.(jiall (jjj CjUIaaII ^a edges *_ sljaJI jlj t j-iAll ^a vertices jl jliic.li 



:ollci (JSojiSI (_gi luil 
t Initial State S ajjIjjjVI 5JUI 
tG <]laJII 

. aUlliluiAll Jilaj ■laj)J->* > . llj . j^Lall Jjaj Jaliill 
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Formal Statement 4 JL*a 11 (jUll 

JImiaII (jA jdl dc. AjJIj tAxuild AiL 1 g ~T- j rn’ill dVbJI * a * .-> • Jill dljbatll j)A A£.ja~\ a _jA JLaaII J*. 

.A*JalilcJI dLalflll jl gjjl-l Jl aIImiaS tl—JJ-l-all l_ ( JI jjj Jill jlabj aULui >_sLuiifllj Jdaj jjaj 

Ja d.lj (J£ tt—dgjl Jla. 4 _ijljll JUI J] AjjIjiuVI 3 JlaJI Ja jji Jill (JlxsV! aULu i—sLul&I _jA t. Vjl (jj£jj 

. JUI ^jjiu (JlaiVI ad 


; Jja. ASjxa JLuia 7 : jJ j Ld 


.(S) AaJlJliVl AllaJI — 

JIJ 1 J (AJliuVI CjVIsJI J Operator or successor function SjjjaII Jljill - 
. .dlj JtSJ X JLJI (jA IJI JjaaiJI JIaaII dVLJI d-jA-N a S(x) Jl-lll til dxii X <lla> JJ 

.J*3VI ja aJuuLuj (J ^bvimb dldll ^ja a i *\aa dVUl (JS ;State space dikiill - 

. d*yill etda9 j)A dVLi. aImiLm :Path jLuiaII - 
Aj-Jll JUiV' ^dJJI JuaaII Aild i_Ludjj tAiaKj J.mia 1I (jjj Jojjj Path COSt jLaaII did — 

. J-miaII (JJa ^Jc. oddll 

.(G) Li^JI AJUJi - 

.<■ Vjl JUI Abljll JUI uj£ Cy j£tiU _jldkl :Goal test t a. Jl jLIil — 


Search notations d»ajl AwaUJI jj-J' 

jjAjlIj 4i_j.JI AllaJI Jc. jjJI aIUI jl Ajldll (jA jLaaII i—sLajSV dVbbl jlidVI jA diaull (jl Idle. 


I^^A i" i*s ill i_AJj*Iil Aa^'IhiaII 

.n Alakill JAd Aald JVI JJ jbii Jill p Jill aIIj jk f(n) aII^II 
d Jl ALiill Jl n bkiill (> aAK jl jL^ll jjS 3 Jll c < M \ Alb ^ h(n) aIWI 

.n Alaiill Jl AjIJI A l-i q‘i (j^ Aild Jl jL.ua!I Jill AaiSllI Alb jk 9 (^) 

: (jjjlalb Ajllbll JajbJI oiA jjjj Asllljill jjC. 


f (n) = g(n) + h(n) 


actual estimate 

Start -> n -> Goal 

V -v- /V - 

g(n) 


h(n) 


-~V- 

f ( n ) 


(jj£j h(n) bj jjlS ( i _S-i^ll (J] n A bVill i^ya J■ I J.ui-all Ajlxall AalSjll (_^jLd jl (j-a Jl h(fl) djl£ |jj 

.Ail£ jjc h(n) J ajjial I dual I (jl J\ under-estimate Jjdll 

: (jj£j LS^ H A j G A j F A jj^jlb Jic. h j 9 J f ^ aj.Vi.aH Jll 

F A (n)= G A (n)+H A (n) 
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.H A J-ij h* * >jiu A 3*1^ cJ*^jj (3^ ajIjSII j'ljmn J^.1 Cy*j 

Estimate Cost Function g* Ailstfl AJb jjjii 

a kV\] L_iLua^j g*(n) i g*(n) .j aJ a J-A ill ajI.iJI Aj^q'i a_41£j JaVI jLuiaII <jl t^c. 

^)bjd-o <^JUa <jV tQ v = 9 Cjj^^ dia-Jl e-L-iafl <jl£ bj tAJL^Jl aJI^JI aj1«iJ 1 djjjLu^ll 

u' ajjjj-Calla (j-iat ^£1 tQ^Ph talaa alaaajJI «.l_Ca3 jjjfLi t^lc. (J£uii jjfllj t'LJLaJI <Jaka]l ^1 <al.la]l 4-laaa 
(jc. Ll..-I 3 tJlLaL/l jL-.d <il£j jj-a Jal g* jjj£j (jl an V 4jij tg" > g (jjSiliS tljlaa CliaJI «.lCa3 (jl£i lilj 

. jaSi <9 .la IajLus.1 ^ uj graph yrM cJ^I v* g J 9* UJ^ u' U^LS t'ij^La]l AilSall jjlaC ^ilinul 

Estimate Heuristic Function h* (JuiSJI 4Jb jjjSj 

“Lali <CaLa_jl*-a ^Jts h " j)l a” 1 i*s t h '(n) _j <] j-aja *_ Ll^JI 4_laaa n A 1-iVlll (j-a A qKi JsLH _jL.u<a]l jaCL (jl *_S_)*j 

.?i_ a^JSI “ULaJI ^Jl -Lilladl A LiVill (j-a (Jj>*3_j]l (_£Ca La iLlLa . jj-iaol! jl j) j-a Vill (J!laj ^^jll t* _ al CaLLI 

ii.ta (jl h* J (jiajj ia L>Vi\l clij "goodness" o^_^. (_>ua9a ^^Lil f(n) ^n? ill aJIj ^l-iaC-ila La a L<Vi 1 h* “Laas jaC£j (jfLaa 
cs (jj^j Liili h* = h CjjlS ILIj t a qL-s a <.'"\^>i ‘L^ajjlji. (^l]Ij 0 ^ h*(n) < h(n) (jjj ( _ s iill ^lli t<alii-a Laaa 

.“LikLiJI (jc. oJblj Jalij Cia^jll ojjjaJa Lm t 'perfeCt heuristic" jl ‘LalliLall a a/ii^ll “Laa3 I 

Control Strategies fiaal! Aaajj|>iuil .r 

A qL-s ai (jj£a CaaaJla ^^"ill A nljaaail tdla^all CalaLaC. ojl^V ^£asu <a^aalj!luil llLi'ii tAJL.aaall «.L^aa ^ “LaL^j (jc. Caaall 
: a_ 5 -La Laaa A >>1 _^a CaaJla ^ Vill Cjla^auljjaail (_pa*jj . ^■\“ill Cal i-v nljpaail (j-a aJCs^-a ^Ijal A L> mlja (jiaCaj i ^l_jaL/l 

Forward search ^LaVI &aJ! 

tdata - directed J a-jjaC -La£)ia]l oL&j ta_al_jaJI oLsCL -LaalCaaL/l <11^11 (j-a CaaJI i_aLui£Cuila ^■slll <aCjljluil (Ji-alja laA 

.Calalaall <aLja]l 

Backward search < _ s ^15Jt CiaJi 

i'LaalCaaL/l “ULaJI Lai al=CL (‘Laal^all “LlLaJI jl) i—a^JI “ULaJI jj-a 1 11.,^0 lg''Wj i_aLi£ilujLi ^‘sVill filja-ml (_L-alja3 laA Lai 

.goal directed a V~igll _jaC <as.jia]la ^aul 4iajiall oLAj t'ULuaail (_ 54 )a>. (Ja>. oLCjla ji 

Both forward and backward search ^jilSJIj ^LaVI iijaa!l 

.^^-aLaVlj ^ql-sll iCaa^JI (j-a mixture L>l'i~\ .a A i-Njiljlmla lg''W; a "j/ii^'nin ^SaC]l ^j-^jj'ijja-ml tlaA 

Systematic search da^JI 

tCaa-all «.l_Ca3 (J£ 1 _al , : -C\,-V ^.hni'i t^blind ^la-aC. '~CLj -LaJaa-a -L^a^ia j (Ijaiuaaa Caa-all g.1..-I 3 jj£L LaCic. ^.’iVnu'i 

.breath-first search LS ^\ aii^Jlj depth-first search ^Ijl :La* jaa^L 

Heuristic search <_LL&i aJL L^CI 

o^C-LauLI ^jnnill iCaliU-s'nuLU (_)aaaliall (_paxa .^Aj tAJLaaall (jlCfa jl (JjLLaa 4j_)a-a (_^Lc. ..'iCnt.i a” )-a ill L a jla (j-a JJaS 
o^c-L-iaII (_ 3 __}ia]lj aheuristic search a aC^II <all ^-a alia^alla t _ s -a-aia a^£-l,...;CI iCaljLCjl ^CiCuia (jLlI aliaJI talaaaJI ^^Ic. 

.heuristic a aClII <Jl a a/ii^ll ^^Ic. 

,(J_jka-a (j-aj ^^3 -li^, (Jaa. j^ic. (Jj.^i-all (jA-Jaa t(JCa3L/l (Jjl*sll ^Jl (_^Jja V ^3 1 _LuafLII “LJI a” )*\ ill jjl Li-aL/ 
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Heuristic Search Algorithms aJL diaJI 

“ULaJI ^ya jjLui^a jl tAllui-all e.LC-39 ^3 Ualaj (jjSij (jl (jiLa^ll ^ya Jill 4jfLa^ll (Jjl-sll .liljlij tV^I • 
CliVtsdl ‘ic.jx'-Nx' Igjlr. <11^11 5jjlLa A l-i mljj iA iqi'q-N j/jla. CajlSi Lo Ijl A C'W .all (JjlaJI jjn'i tj • 

-*■ 

CllljiasJI jyfij Vlj t Aj Jj*j tljqiij-s (JaJI (jt£ Ijl tljji.1 • 

More on Search Strategies &* j 1\ CiUajjijiuil &. jj>1I 

■J£Uj ^—-qLqV 1 i.” i"\ _i\lj Ijalilcj ■Lj j ).JiiA.\l (Jxa]l (jjjljSj <iuluj 

Condition-action rules Jaj^uUil Jaill (jJIjS 

jl [a, y j'/ (jla jjlil Ijl (J^ I'iillj (jjjljall v. . n^'l tT’n-sJ t^jja-all jo^jj L 3 )Ia (j^ s^2wlj Jfc 

if < condition> then < conclusion > 


IF the light is red 


THEN 


Stop 


:Rule: Red_Light I «._jall jjla 
:Rule: Green_Light j^-Pyi c.j *^-ill (jjjla 


IF the light is green THEN Go 

Antecedent JjLJI consequent jjUII 

Chaining jjj&II 

jl .l^lj ]ayji liljLij LoJlic-j tjjjjljall (Jfil B.l^lj 'ojm -tajdl (joiaj Jj l-l^J tjjljall (jjj -Lajjjjdll “tiljLuA^ ~m'q illj ~l..-i/( 

t Forward and Backward chaining ts ikJI .luaiilj ^aLo^/l j/qill IjjjCjj LaAj t 1,'mq'i Jiaj <jli tjjjjljill jyj J&\ 
.query-driven s^Ulb data-driven ^Kll jjJjII toUlullj sjUII IjJ\ ^\M\ ±usul\ 

Activation of Rules Jjaiill uulja 

CbY^V! i .r> J (jtnjaj LaAj l ^Uajll t^S (jjjljail (Jja q~i\ (jtiaiii-o (jljjijjljluil MfrWj ^^-aLoV I \nVill 

.Rule base jjljall s^c-la <> inferences 
Forward Chaining Algorithm ^LVI AuSill Wjjlji. 
ICjULulb sjljallj a Ac. (JV^luiVI IjA cg .Ai.n ; jj t(jjjljall S.lC.13 ^ya dlW^iiuiVI <ajaj Jfc I i-s >>ijl La£ 
Jj ((jjjla^.) assertions d)l.li£tj jl AiljJal tJjjLa i V~lA ^1 (Jj^ajll ^ !->» ^ (Ja (j-a <aojjljaJI j-aluii 

. l^iLuu£l 

ij t jajljSlI IF eljaVl Jajj*Sll JjlLa working memory aAA*}\ ifi\'A\ cjUlull qjIL Ayaillj 

.<iuiaj (jjjla j_$\ 

Data Driven 


Data 

a = 1 
b = 2 


Rules 


Conclusion 


if a = 1 & b = 2 then c = 3, 
if c = 3 then d = 4 


d = 4 
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( _ 5 -oLoV I Jjjiiill : (JliLa 
(jjjljill (j^a 4jjfLa (jjjljall S-ic-lii lii4 (jl£ IjJ 


Rule 1: 

If A and C 

Then F 

Rule 2: 

If A and E 

Then G 

Rule 3: 

If B 

Then E 

Rule 4: 

If G 

Then D 


: Clibul <]Lui-a]l C±jl£j 

Prove that: If A and B true Then D is true 

■ a V~igll “ULaJI o3Aj 

(i) $ Start with input given A, B is true and then 

$ start at Rule 1 and go forward / down till a rule 
“fires" is found. 

First iteration : 

(ii) $ Rule 3 fires : conclusion E is true 
$ new knowledge found 

(iii) $ No other rule fires; 

$ end of first iteration. 

(iv) $ Goal not found; 

$ new knowledge found at (ii); 

$ go for second iteration 
Second iteration : 

(v) $ Rule 2 fires : conclusion G is true 
$ new knowledge found 

(vi) $ Rule 4 fires : conclusion D is true 
$ Goal found; 

$ Proved 

(jjjlall i^ya i^jC- t." )**> j\ ^aJ t A, B LaAj l_dlLlLut-a £-a io!4c.l lAjj 

. 0 . 1 c. tail E (j! ( ^A o.ia.ia. ^ajj r^jl ,120 ^3 tomq Ti 

to.lj.lo4l (j-a t<jjlj]l A (Joaluj t^jVI <Jjljf£ill A 4^.11 (jjjljall (JS JIJJ-4I .lau 

jA o3Aj tl44<3 D (jl dlLuV £ .lai; ^aJ i^yaj tt_JjL*a G ^A 0 . 11 . 1 a. 4j3jx*a (Ja.^Uj \ (j_yjlall \ 1 qV 1 ^aJJ jj-lic. 

. i—S-l^JI a-jjU-ix'll ^ViTnuVI 
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Backward Chaining Algorithm jjjSSII 

l Ogll (jj> ^$3 t(. V'lgllj SjLallj LCojI ^.a.uGj o-lC-lS (j-o dlW-SL^M t. l-N ml Aajai aiis 

i^^-aLoVl <xu£la-o a-ic-ls tAJiaj ^^4! aSSOftiOnS CjlAj£ti]l i—ajjJaijj tA qq-s'i 


.i— i^ya THEN tjaJt (jc. Cliaullj ^4-sll ’m'q ill 


Data 


Rules 


Conclusion 


a = 


b = 


1 

2 




if a = 1 & b = 2 then c = 3, 
if c = 3 then d = 4 


d = 4 


Backward Channing ^qKH Jllo 
ijjjjljall s^c-la ^ <4ll3l (jjjljall ciul£ lil 

Rule 1: If A and C Then F 

Rule 2: If A and E Then G 

Rule 3: If B Then E 

Rule 4: If G Then D 

: (jl CjLuI 41Lul 4I Ciil£j 

Prove that: If A and B true Then D is true 41UJI ^ siAj 

... .i V^ll 

5jUVI 

Solution 


(i) $ Start with goal ie D is true 

$ go backward/up till a rule "fires" is found. 
First iteration : 

(ii) $ Rule 4 fires : 

$ new sub goal to prove G is true 
$ go backward 

(iii) $ Rule 2 "fires"; conclusion: A is true 
$ new sub goal to prove E is true 

$ go backward; 

(iv) $ no other rule fires; end of first iteration. 

$ new sub goal found at (iii); 

$ go for second iteration 
Second iteration : 

(v) $ Rule 3 fires : 
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$ conclusion B is true (2nd input found) 

$ both inputs A and B ascertained 
t Proved 

Exhaustive Search ( t 

JJJa jj-a i 1 h'i-sV I $.I£JJI J <x,^Vinu dll n'jlml lilliA tULlui (jja .>>_JI ^^-oLoVlj Jl-sll 'ijill Jl AiUjal 
(BFS) depth-first ,^-Jjl da_Jlj Breadth-first search jisVl cdjl :<*JUJI < dVn u.aH cJa^dJI J&l 

.search (DFS) 

^,'lVna'ij i*v Jl ^ gYn jjl (Jj 3 tljll Jjo-sJI ^Judl dlVtaJI ^j-a^ Jjj (j-a.^-ij (jlfi U) (Jl-J> t" l*v ill (jl Jlsj 

<ldaJI dVUI J£I graphical representation J£a> ^aj tdecision tree jlJJI jlaJ JUJI d J l 

. Jj <iaija]l dljluuJIj 

<JaVI &JI jl Breadth-first search (BFS) JajxSLi 

oJa .<Jtill AJaUI jJI jIjaL2JI (Jj3 LaLaj i-> (i jJll 'bj^j^i (j-a 1 Ja 11 Aaoiall AjS (j_j£j (_£jJI i”i*v ill A ia jiijimi jA 
bAc- J-la-a VhaJ I oJAj . Jlaall (JaJI i_aLujj£! (j j/Laj lillJJj a Oa; el Jl Jjla (Ja .lajj V <-A i-s nljlmVI 

. JJ diajl t- LCaS (jjfL La-lic. 

d»ajl jl Depth-first search (DFS) JmJL dtaJ) 

jbaJI <kai Jl backtracking a Jl J (Jj 3 ijaaj] Vys Jl JlaJI jLuiaII £Auij2i Ja*Jlj dlajl A ia jiljiml 
(JaJI Jl dajl (Jj^au Jj9j t JIlLall (Jail jlajj j) a . Vi A lajiljuiV I oJa tl-iSiAj Jtill (JjJI JuJI J Jjlajj t^jaVI 

. Ijjj£ dlajl v-1..-i 3 jjl£ <Jla ^3 ojaa ^^Aj t(_paj*Jlj dlajl ^ya “Jjjoi J^l (JfLd ^ initial 1 

.(_£_>aJJI dlajl OLiiaij Jb Jjaj (JaLujI LaA (jjcJI (jjjAj 

Breadth-First Search Strategy (BFS) (Jaj*JL) Jksti\ daaJI JaJIJJ 

JjS ijaa Jc JaliiSI jjas. 2Sjj drjl texhaustive search technique JLill d^JI 

.i_jVI A I-iViII (j^a tjil t_] >«— 1*1 A 3—»q~i (JS J n-slj jaLuU CliaJI taj'N rill! ,JIj]I Jl 2j 1 ^Jl 

t«.ljjVI JLaliill i^ya -la.lj ^1 Jl (jl (Jj 9 ta_jVI A J-iVill j^a (Jjo^aJ A Aaa A log i (J£ jliialj Li^aUaj CliaJI 

t jliic-Vh ajlill JjJ ia.1 uaaa]l liA i—llialjj t^UaijLj ojliia.1 Ji3 A i^x'^ll CjVliijVI «-l-Ca3 jjl Jallll ^Uaj (jAxiaJj 

(Jla. (_^3 Lijl (jA^Jaj lijSJ t<jl Jl A J->qi Jbu sjaa. i_all ^3 Jj JS3 (JaJlj t ’o. njLa ^ ) (j_Jj 'Jl c5^l a-l-Caflllj 

jjJj (JaJI jl (ial A a ji i j (JaJI 3aj LaJUC. Cjaall ^ g'i jij tjJaAll \ jA jU..;aII i2i]J (jl (JaJI j Luw ^Jl J_jx*a_JI 

.JL-a jlilaVI (jJ-JJ (JaJI Aaj La^jc. ClaJI JLa 

Depth-First Search Strategy (DFS) (Ja*Jb) ^-Jjl diaJI JapJ^I 

i jUjcVh ^>al IjLul« ialj jjl (Jj 3 td (_Ja*JI ^Ja l^aluui dlaall (jjj laAj ta_jjlaa]l JuuJl (J^Lui diaj A i'iVi ^A 

t(JaJI Jc. JjA^aaJI J aJj tJ_j^aJl JJjU JjAaJI oJa dljl£ IJI (j^J jA (“ la Jl oj-s t'ij ^ I (_Ja*JI (jl£ lila 

. I^SAj t(_£jj 1 xa^ll . a ^a ^a ^ JjAj (J (—al : < j ^jaLuJI (_£jj 1 1 , a^ll ^Jl 'dJ^xII ^ vVic. 
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(jlSj Id A qi aC. oj-\ riill dulfi Ijlj lA i^.a.all CjIjImiaII jliii.1 “LiJdj j).a.>>"i Jill Jk (JUI £JLii]l CjWIjJj 

"exhaustive modulo of 3;1~JI JjJtfI Id (jjj id taj-JIl 3**JI js Jsi >. !, i 3*«J1 

.depth” 

Depth-First Iterative-Deepening (DFID) jaxlLi >. :, i J l 3>di]l 

. (Ja_)xilj )**>illj (_ja*JLj lIisJI i^ya lajJ jjjj (_JI (JLuill i"1-sill Cjlelja.) ^ya ^J.1 DFID jfw’i 

Algorithm : Steps AdJjSJI dljLd 

. dlj 3- 4£ ' J) ((J 4 *-^) IjJj 3?“^ ^Vjl — 

. 3i-“ill i")^.;ll (jfr <aJjliSI Joliill (J&ldu t jl!i]l 3- 4 *-^ J (lS- 4 *^^) l-dd=&. tdj id tj — 
.djJI JUI Jl (JjjaoJI Jd (((jj-ax^j) dll!l]l 3 4 *-^ ‘-dij tj — 

Depth-First Search (DFS) I d^JI jl &*JI 

.Vjl (jAxlb idsjl -dojjlj.j (_$Juia]I Jl ^Jldll £d]lj tVjl 3' 4 *-^ idsjl 'J?- 4 - 41 J (_£Laj3 ^dajj 

. Ji.I IjLuu L dlSHuU J I al-v II -jr^ u' 4L_fllj)aVI ^ ^ JfL jLuiaII DFS I **\“\\W (. 

Depth-first search tree Vjt 'Aj-v .'■': (JliLa 

• Goal Nodes 



Fiq. Depth-first search (DFS) 

I^Jj LaS i_djlLj IJLuiSjluil J Jalaill (jl oj£.l (JS rill I ^ya ^_dlj 

ABDEHLMNIOPCFGJKQ 

(JjjjuoJI i3li (Jcj tB A ]->Vlll (j^o liCJajl ^J.1 IjLuia (Jjl^Jj idsjl ^^.IjJJ D J B J (j^J A “Oakill t“ 1*v ill d 

.J i <1 Aq II A ]->Vill (Jj3 N l Vjl A J-iVill J] 

Algorithm - Depth-first search < 3 »*JIj &ajl 

Vji 

Put the root node on a stack; jdd JjIj£j A\g-y id J t(jjJ^all ( J jdJI Ajakjll £_dj 
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while (stack is not empty) 

{ remove a node from the stack; 
if (node is a goal node) return success; 
put all children of node onto the stack; } 
return failure; 


A J-iVill iklj 4 jjIj£j]I A qVs II 1*3 JJC. (jl UUa 

A J-iVill o^A CiilS Ijlfl (j-o 

c-ljjVl ialiill (JS ^ k >i'i l^jla Vlj tdiaJ] 4qW\l (j^o 

. (jjJLall ^3 A J->Vill JM 

t" i**> ill (Jaiaj £jla5l JU. 

. I Oflll Jalijll JiLajI 




. 4_J ^yaj (_£j±uia i^ya iatsLi]! (_pa*J (jj.}fLa]l (JS 

. I) ^>aj]| ^^ic. Wi».j ujjD-iJI (_jjJLall **. — 

.A ]-<qi b * n ^^Ic. IjjjSj (jj-iSUI (_£j j-s i tn dlaJI ^3 ~ 


.^■s-vll ja£ qx&aj “Recursive depth-first search” WjjIjSJI ^tiai d^JI jluu> - 

Breadth-First Search (BFS) VjS <jiaj*JL &aoil 

-laliill diaall ^3 < i^S^\ i"i-n ill jl Vjl (_^a_>s«Jlj dlaJI <iojjl_ji.j t(_pa_>aJlj i" i*\ ill liA ^jJa_jj 

.-lauV! -Lalajll jl f-laVI -laUll t. gUtt^nul (Jj 3 t j.lJI 
Breadth-first search tree Vji diaJI s>aJi] Jliia 



Fig. Breadth-first search (BFS) 

I^^A (jJa^xllj dLaJI (JSj AiuoSlui Jl JaUll <jl 

ABCDEFGHIJKLMNOPQ 


^gjLuiAll ajIj E^D a JnVill J] CiaJl ^aLolj tC jj B ^ A AJakill ^k CiaJI 

J c_ajJI AJoklll J c^lc.1 %j-v i'iAI Jaa^ljj iJlx j t flAdSijujj t» fl.Jl A JaVill CIlqI jLq <Li3l!i3! ^jLluaaII ^JJ Jjjj J 

. N aJ^ViU Jj_k-£a^]! (Jjs ciiijau£! 
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Algorithm - Breadth-first search 

Put the root node on a queue; 
while (queue is not empty) 

{ remove a node from the queue; 
if (node is a goal node) return success; 
put all children of node onto the queue; } 
return failure; 


(Vjl u^j*Jtj) iaJI VOuli* 

L&SUa ^jxuuij Ijbj ^3 A J-iVill ^ .>>'1 

I jli i^ya <laaj l^aSj tlcjU JJC. jjjUall (j\£ 

^.>i'i Vlj t^LaalLj (j-o A J-iVill ClulS 

. SJaiill dill! *LuVl Jallill JS jjjUJI ^ 

jljllxll ^3 (JajoS A ~s 1 V 1 (jlj 

•i-.lU-vM A 


.(_gj!LuiA3' dlli i_aLiiiluil ^3 (Jj 3 tn (Jxa^j _ 

£-0 IjJjla i^gjAk&A (JS f^S JWiill A3C. Jbljjj (3 jSL t'talliLall 'ej'N *'Mi ^3 — 

.<Jl£ jjc (jj£j Memory requirements S)£lill oUlaia - 

jLui-o \ ij)-hm V nJaJI diL^ajjj <aj^!DI i" i-n-n i Ij) — 

.( 3 jUI ^aaVl ^t-s.il l jM Ula recursive <!ta Ua Vj - 

Compare Depth-First and Breadth-First Search AJjlLa 


.djlSja-all jjlaj 4jL)Sj ^jTun-a ^^Ic. (jj\l l_yaJI (jJJ “GjlLo Loj3 


Breadth-first search iS a&\ djaJI 

Depth-first search 

^jlUi 

: Stack (j£J (Jjd£j 

Put the root node on a stack; 
while fstack is not empty') 

{ 

remove a node from the stack; 
if (node is a goal node) 
return success; 
put all children of node 
onto the stack; 

> 

return failure; 

iqueuejjjlkll 

Put the root node on a queue; 
while (aueue is not empty) 

{ 

remove a node from the aueue; 
if (node is a goal node) 
return success; 
put all children of node 
onto the aueue; 

> 

return failure; 

CjLwjjl 

t_jj3V'j ^3^1 jlui.a]l ^Jc- (J i .-i^. i ^Ladll Aic. 

• t fl \i A da 'H \\ 

^->*s ^ 11 “ila^La sjSlj ( _illaij ^3 oj^. dll 

.excessive memory 

V <adu£-all A J-iVill (jli ^laall JUC. 

. 1 3a*JIj sjjjjJallj 

“tlajLa oj£lj i.^ l\3-i*in J3 oj-N dll 

<Li jUj V dlljj texcessive memory 

. t a \\ A \ 'jQ 

CjljjAll “ijjlLa 


? BFS Jj DFS Jl limitations CjISjsm jjbu 4aLS 

(_ 3 a*JIj i" i*s ill ^3 I.3&J tdjliiLau'yi ndjtuluiSI jjLaJil <la-a -dill i_ lU-Tn 

(3^x11 Vjt (jAxlb djaJI iid li&j t Depth-limited search 
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Heuristic Search Techniques <yJL — *; *f qLm£i (t 

tll^Jj c.lia3j ^gjiilj (j-aj jAii (j-a (JaJI iLsuj ^glc. jli! V taHc.1 ojj£iall Aj-lilaoll allLujjljall te.^»^11 (JjLuull 

:heuristic functions i_Li£ll Jl! Jlji ^ bVn .L cCjjjL CjLuai]l ja 

jjj^j (jl (jfLaj <jfH 14 q;» t>i <ajij “CaL^all allajll Lai t(jjjjjj£ oj£lj jl (j-oj *■. iHtL <jV Lajll (jfLa^ JJC. ^g-aC-L/l aliSbjll 

.<11 uull (jljU-a (jfr .a aliLajlstu a. lU-Tn _jgB t^j-%.^-t (J£u!.i <iula! J (jl tVl*i 

Characteristics of Heuristic Search a_iu£ll <*u alujl 

_j&j t(jl\ull ailli JalnlmVIj a” l**»ill IcluJ Jill a <11 »u -all (jliu (jc. <3j*-all ilL Jfc HeUhstiCS a Lui£Lll djLjll 

till!] ljjJ3 La£ LaaB 111 Aiu aallVLsJI ^glc. Igqjjj-i'i lie. (Jljl (_gAj a^g-aC-VI alxsajll Jf- oe.li^]l jjjJLail jjl-lull 4ij*u]l 
(jLuj Iua9 l^alaVn.il aliVlaJl jlLall till! (j-o ^)j£l jl (j-o Jal t—alL l!£L/I CjLJI (j_j£j liij a a v^llj (j^Wl.i Laa3 aaliVLaJI 

.admissible <lj yulla Iajc-ajj <jj]J-i.o (jj£j ^sjall Cy* Jill uj^ Jill < kiaSJl aiilallj aajijl Ul^JL 

‘Lyjlaj 4 qK'i ^ Lit'i < 2 a^all a"^~v ill <]llj aaj-igjl “ULaJI ^gJI Jja! ^^lill <lLaJil «.llaC.] jjlfLal (jc. I_jjiai! ^lii! i_Ltl£]l <11J 

. <lllll o«.U£ (_palj!alj a a V~lgll (_gJJ “LilLaJI “ULaJI jj^a 

:f Uaxll ajill jl i ^sH\ t^aall AJiL 4jjlla Heuristic Search <_L&11 aJL alaaJI 


Brute force / Blind search 

Heuristic search 

IgiLlfllauLi alula Jill JLaliill (jc. Jaa9 <3jj«u l^jil — 

<1LsJI (jc. 4 L>q! J lai! a (J_ja. <3j*u l2ajJ V — 

. a VJI 

. t _ai^JI <1LJI (_gll “distance” <alau jjiaL ^jL - 

.t-jl^ll “LlLaJI oLjL allajll aliULaC lijj — 

<1UJI ^gJI <il_au aUjBVI (-kUill) allL/LaJI _ 

. Iglc. aAiaj aliualj ta V'lgll 


1 

2 

3 

7 

8 

4 

6 


5 


state Initial 


8 — Puzzle alilsu^a jjLajj jilll 4 a*J 



. ^(J^t'iill LaS^ ^_jill (_glc. U^' ^-^all j> a (j_j£lu :<31 aJI e - ' 

. JltUI La£ a -Lja jjc <1U tliaa :state Initial MuJIjjjVI AJlaJI 

. JSiall ^gB La£ (jLaall ^ L»all iGOdl State t fl.^ill AJIaJI 
■ a ota II <llaJI (_j iq-s - !! <axlllj jj ;W"n'tiall <alliLall 4 1. ,il. nil :SolUtiOn (JaJI 

“blank moves” gjlill ^all iL>=i :Action Jaill 
.^jlll (jAia JliLi. ^(JI*bVI) aiil£j^ll (jj^tj (jl Condition Jaj^*li]| 
.Left, Right, Up, Dn (jl aijUUiV' :Directions iIjUUjVI 
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1 

2 

□ 

8 



7 

6 

□ 


Goal 


Problem 4jL^I 

<^a 8-puzzle jilll J\ - 

Tl^al.’l's'nul (jfLaJ 1 _S-juaSLSI A_ilT ^A La — 

. IjjJVtj c-Jull i^ya (JaJaSl \l j_g\ — 

Actions JUiVl 

left , up, right :<Li=^ aJIaisI oVU. a!£& UI ^u=.jj elia! jSuill 

Initial State 


1 

2 

| CO 

7 

00 

4 

6 


0 



Count correct 
positions 


h = 6 



Find Which move is best ? 

\A qt'i-s xi Cjlj-Ng m (jj£j i_Li£L]l 421 (jjfkj * 

■ a V'lgll “LlLaJlj AjjlLa t<xlaa (J£J A -. ia iaII a_il > n-s ) O 

. “ULaJilj 4jjlLo A »£iil_j-a]l Uia’i O 

Igjta^a (jc. A * ^JS tjiAi o 

:o5lc.i dlljl ia]I ^Uajj ^till (Jj-liJil 4(_3 jLuJiI (JS221j Jla-all CjVL^H A, nn'illj 

Approaches Left Right Up 

1. Count correct position 6 4 5 

2. Count incorrect position 2 4 3 

3. Count how far away 2 4 4 

: Heuristic <_aluuSVl 4Jl 

:<-ku£3' 42V approaches cil v^ i* 4££ i2La ts5lol ja U£ 

1st approach 

CllVtsJI JJlC. (jlS Lal£ jj£l 4^a».lj -Aj-Ng m! 1 4]LaJlj 4jjlLa AjtiaS (JSL1 A <«*lH ^31^21 i_2 M 

a (_is_kja\ Igjl La£ tjil aj£li £-jj 2 a_il iaII 4Jjg hm a q.W i"i La£ t42l.ijjVI 41LaJI ^ £S_ja]I A *>. 

.^Xal^all a_aJc£]l 
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2nd approach 

CllVLaJI J.1E. (jl£ LalS (JjJaSl A i-Ng ~i <al' (j_j£jj AlLaJb AjjlLa tA*Ja3 (JSI JJC ^SI^aII a-jl t n-s ‘A \~\£ M 

.a LIiSIl A i-sg i<i jj a oJblaJI CjVIaJI J-lc. jp (J > >>^ v jI a£_>^II (jj£jj nJSI AlLLLil 

3rd approach 4 aIIaII Aj^.UH 

t^ill lgja3_j-a ^11 Ajaiaall (Jja^ajI A-ojLUl dj'^lajjVI J.1& ^S i-n t^ill ^3_j-all (jC. AjtlaS (JS J*_L >S i_jLuia>. '. A i-Ng i.a 

.1—LiSIl AjIT s^jLall dlL/LaJI (j-alijj j^LlI (_gA AS^a. t^Iaall £_iasJ JLaA.LH J^stSI a_ll i h*\j 

Heuristic Search Algorithms <_La&I 1 aJL diaJl cjUajj^l 


Generate-And-Test 
Hill climbing 
Best First Search 
Problem Reduction 
Constraint Satisfaction 
Mean-end Analysis 


(_pa_jj3l A_iV]j!ji. 
(JaaJI (jlaij A_wjjl 

Vjl (J 1 ' (jc. Cll2aj]l A_wjjl_j^. 

AlSLuJI a" i- v _i\I A_wjjl 

Liyll iajji A_iajjlji. 

AjjILixiII Ajlgjll A_wjjl_ji. 
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Constraint Satisfaction Problems (CSPs) and Models gitw (0 

^—3 (JjLutaljj J£Ual! ^jc. (jjLill ^JajLuij ^gfctuu^l dlVt^-a r> A* -a ^^3 jg J-Vl ijjjjdll 

. JjjLaJI 

t" lVo*1 JJC. 'g 1^. ^aJJj i(CSPs) t-Ca^ -lajjaj (JjLuiaS ^AaIj u' (jfLaj ^x -1 ~i4 >^3 A iq/vsll (JjLuiaII 

I-lajjail! <fLal (j-oj 

. “L^j 3 ) A • j& CjlLall Lljj Ax- _jA 2 u — 

. ^L^a (JJjLuij (jl i . >~nj a3a.lj <Jaaj ^3 i. ^ n .a' dlljLilll Axjx a ~ 

t£L^aj Aic-j t1 g »3lj^al jjj3J Qj-lJ CjlijlSLlI -Lajjj JajjjjuJli idiljjij-o o2x jl (jjj 4jq]->'i.a 4i£4c. ^_A Jajiill 

. "^j^all (Jilj SjjljJI" tJllLo t4i£4j(JI ^^Ic. (j4a3la»-a (Jlaj 3i.lj (_gl 

Constraint satisfaction UajJI kj& 

j& (JaJI tdlljjiiLall jjaill -lajjaill o3A tJLajjJdl ^ja A m ^ 4c-j.a-s 4 (JraJI jlajl AaLaC- jA La3j]l Jajaa 

.iajjaji]! ^ la-s (Jiaj ^gall CjljaioAll liltll ^JJ3J 

Constraint Satisfaction problems (CSPs) Lbjll JajjJu (JjLuia 
(jfr LaJJi.j i l-lfaAj “LalaJlj 4_i^aL4l Lut_ia.j tljlLaC-l (jajLaj LalUa tLajlj Lilya. o^j^-ja (CSPs) Laa^)]l -Lajaai (JjLuia 

tJLajjaill J£ f.LaajV J3UJI o3A (J!lal jLajj l3 t A m a A Kim _jl “ULuia ^jaaao (Jxallj (jjSL t(_LaJ! jLajj 

.search aiL^JL l^la. 44 (JjL.u.41 03^3 UaLJ La£j 

Examples of CSPs L2ajll JjIu^ 4Jial 

Eight (jLaill ciAfalallj Latin Sguare jLa a \i a gji.all (JjLuiaII ^y> ax-ja ^a Laas 

.<3jjxJI Sudoku <a*Jj tQueens 

Latin Square Problem qja1\ 

(JSj t. <it^i (JS s3a.lj oja la n>illj jaj <jl tUl'iAa Ij-aj n _j n X n ojlaal jJj-Ia. <li*j «i i_ij£ 

tjXj^a 1 g m3i ^alSjVI (_^A ClutSj t n=4 n= 1 (ja A i'inV Clllaa^a U^ 1 ‘Laa^l 4ajau _jA lilAj t3_jac. 

I LaS ‘ *' t UsH^ 0 J^axSI j! *_lasall (_>aaj ^—3 ja3j]l ja3c. JLajaa (_gj3"s‘i ^a 1 g l* 1 * (jli 

Solutions : The Latin squares for n = 1, 2, 3 and 4 are : 


(B) 


1 2 
2 1 


12 3 

2 3 1 

3 12 



Eight Queens Puzzle Problem ^UiUI cjllUJI jil 4jL^ 

A ( a '^ c ’ ‘(^ ^ 8) IajIsuI Ajt. 3j ( _ 5 ^ c ' dll^La (jLaJ ^. -'a c ^aiaauij i_SjSi :Lja^]l ijaa 

chess board such that no queen can attack any other queen ? 
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Unique solution 1 


Solutions AJaVI 


Ajti_)l jJj-iill (jc. Aajlill A^jllaLall (Jjl-sll (jl nn-vllj Aalj Loiic-j tlalia-o Ha (jUaiill ClllfiLall Jpil I3 a t41<aj 


(JSj tl^ajla dllSlallj Aijli Ajt3jll Alla “LjjIjUjVI Allall (jl (jjaljpal . I.liaj Ha ) V l-l^l (jj^Jxu tgjj Infill 


A 1^'Wxi t. \Mh CjH la. ^gA AjLlxull (Jjlall 

Sudoku Problem jSjjlJI Allaa 


(j^o (3 X 3) J^aC. (J£j i_lua (JS (jjfL )i**» \ i(9 * 9) IaaI*jI aija-o A^sn'ii CjI*j^o ^ j-a^ Aautj i_Sjfi 

. ^ ^11 1 aIagHI ^jo'N (3^ ljj£^o t A.a.uu.ll Cjlxj^all 
.Jajiill (jjkaj i_sAA Alla ^l (Jjja<a_ji] tA^n'ii 11 A_ijl.£ijl Alla e-UaC-l ajj Clna tlglaj aILuw (jjjltill gj iK A'll ^ 


Problem 


Solution 
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Ic.jILo lAAc. LaA-Vim-a tA qfi-s. 


Constraint Satisfaction Models Ulajll Lyl jrjUl 

CliVla lj_>a-a Aljla-allj ^jia LoAjc. ioHc-l Aa_Ua^a]l JjLuiaII (Jaj (jLuijHI ja._jSJ 
. daHjlaall (j^o j ~* .,-i AAc. i_sUiSiaJ (Jal (j-o t aJImi^II (Jja CjI AaI ut-a.ll 


t(8 * 8) Aa^las]! g-jjl-i*'.!' Ajt9j ^^3 tjjLaall CjlfLLall A.n.u'llj HlLaS tAjjllaall CjIaaIIoaII ^A La ^ *>>lj]l ^j-a UJ^i H A3j 
LaAic. lilli (J*® Ajlfi. i__l*aall (j-a (j_jSL t aILujaII (Ja Aljlaaa (jluiiHI LaAjc. t All ui-all Ha. IIjA] liaLujI LaSj 

. ^)j£l N AaaS 
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jLtjlj dlSLLall JJc. (_gl N & UiA <*3j (J£J <jS-a-all allHaJI (jfr <Ilal ( _ s Jj LaaS 
For 4-Queens there are 256 different configurations. 

For 8-Queens there are 16,777,216 configurations. 

For 16-Queens there are 18,446,744,073,709,551,616 configurations. 

In general, for N - Queens there are we have NN configurations. 

For N = 16, this would take about 12,000 years on a fast machine. 

How do we solve such problems JjIuw Jaj did 

ti—Jj)n)l*sll (jlc. eJldua dll i-sg i.a jl ^LLaj 4 j51j Loj3 

Generate and Test (GT) ^ 

Backtracking (BT) ^qkll £441 .\ 
Constrain Satisfaction Problems (CSPs) Ld>JI Jajd (JaLuia . T 

Generate and Test (GT) jdal ^ 

^ tn = 4 Lode. Queens puzzle £jjVI dl^Loll 41 Luw (Ja. a id' ad (jdLul H4a ^L,»in 

Jljajl jlajl ( _ s J3k tl4dj (J* jliialj I dl^Loll “dj-o _^o di jjj (Ja4 41jla-o 






Backtracking (BT) < _ 5 idaJI £d41 

^aJadoll jldaL/1 ^^Ic- ^4-sll £ rv4i .id*_i tn = 4 Queens puzzle £jjVl CjL 1L4I (jjjLdl JLLall a ^.adl (JjlaJI 


(jfr t. 'oti-s'i ti—udall (Jail .llajl (jlia. t(_jnL>4' (j£aa (JLaiial (J£ 4jjaij 4aajjljall (Jjlaj 


t4jfLodl (Jjl^.11 


£.",11j tAdaidi^ 4dja (J_4^ O' 0 Jg Li’i ^^41 t43j ^^Jia tfJjlaJI (J£ 4 jj «.da*JI oj41i t((J^L4l dla4l) adaxll iij4l (_Jjl*4 
. Igjle. t" nWillj tJaS9 ii.la.lj 441a (Ja 4]laj ialioaL/L t(J3l s-ldaS ^,’l'Vinn 4jSJ tL/jl (3^*14 t“i-sill 4jLda ^^ilall 


dldll jj^Ja Iaj ua a Liqi (Jdisi ^Jl backtracks ^^ilaJI £441 l_ijLjI jj*j t(_La*j V (Jjldl dutS, (jl tdia41 JLlaj 
(jx idadl Jjlajj ta-la 4_lad Jl idadl tjjldll t—ajVinii Lodc-j t<4141 (J4.l41 Cliadl (Jjlaj (jxj t41i.l4l 

.(_pajx (Ja (^Ic. jjiixll (_gi Ciadl (Jda ^^jaj Iji^JS idadl daljdujl £-a jtLadl -Lldll a" lg’Vil (jlj t^ljll (Jjdll 
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j! _j<da l^da 4 -s.»! (JS dX dua. trecursive function JjljLill ^InVimlj Idta dii Idj 

recursive (_3^.XI ele-idiVI £»a AjLdall a ,a..iqll ^Jc. e-ldyi £-a iljjliia.1 Igj <avtla]l £JA^. -Lj_)J t jliSI 

.calls 


.solution tree JaJI iy^A pruning 4d>JI JjiaJl infeasible ? jcj feasible : <W^Xa 

.((_3.iiWill <Lla) jjia^a dulfi !3I La jjjJI JjIaJI ; ->.i.iVi Jj • 

(^0 Li (jjd t j9Ldl djljl.d .1 lAjjjWj ^iW’imi L£i (jl Lac, jl feasible ^a <ji j/j-il (JaJI JX • 

. ‘Ul.m.a.ll 

. A 1 qi~~i11 dlVXll (j-a dJj jL/ “Lc-jjda dljLdJ lilljA (j£j ^1 Ijl tia^a JJC. 4jl 4jc. (Jlij (J^l * 

pruning the solution JaJI i^A ^ jLc. (J _ A d t (4-ua^l! yt) aAu* 1\ yt <AyA\ JjkJI Ay jLc. • 

.tree 


(JliLa ^ Uua m-Queens j-cjISUI aAu^ Jd t JjluuJI JaJ J&! Backtracking ^gUll ^dill <d£ jj£j 

. i ~dl‘slxill “ULui^a (_Xj 

:N = 4 Queens problem jUiJ) j-uilb j-uV! dl£L*ll 4jLw J* 



idjoll £jj]t dua. 1 £JjL/I dlSXall <lLuw ya A ~s mil iState Sp3Ce tree dL/hxll <alda3 Sjadii ^dajJ oLlc-i (j£Ldll 

.dijj*XI column jsj^c row a L ^ . cjjLL tA<AA (row, column) JdaXI ^SjJI j& t^LiL J£ t(i,j) 
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yf. JiulL Lai ^ql-sll jull Aj^jjlji. .\iqv'i J dip* t Jtill oljL><1L JfLdilj Algorithm <LwjjlJLll (jc. ^a*jj 

;'oiaC.L/l jl *_SjSaaall 

.sJIaC.L/1 jjc* Jiijll jJ-J lia3 g t A-ilj v^ inn Lajj3 — 

. <f!La <i3 £jJail LLaa jtiij tJ_j-aC. j£Ll — 

V J t<*ij Jc. (jilSXa (J ^ija (J (jJajLu tilliA jj jj (jl tfe3Sibl0 LiLaC. jl Li-ip-a (JjJI J^ll jJL ~ 

. gjjln'ill (J <9 j__}xa]I <£Lall tijaij -Ic-ljis Uia (jJa.VI (jl <SXa (jlSLab (jjfL 

.infeasible * jjc. (Jj. J^* Jc- cjji J fsssible ^a-\a J^. (j£-aa V <ii .LxJ/ 

.'ojm J£ (j) I .a ill jlJI jj a-iidj ajLi-a dLpJ J . } 

JaJI (_£jJlp. (_pa2ailj t<f^Lall Jj.3a. a jLpklj ^9 tj J^utll JJ (ja . t 
. Jrdil IjlA elilla ^Ji (j — 1) Jl 1 oiaC.L/1 J3 djl^La Ja9 (ja t<filall (Jc. Jaj**. a tilliA jj IjJ 

.(j + 1) .2_ja*JI (J Jiill a_jpa.j Jail I Ja*j ^9 t j -ijaxll (J J~|-sa <uj <llaa. J£1 

.(jjJI Jai <lLi. i_j^a*j ^j — 1^ i_jA*ll Jl .ic* tj J_ja*ll jJ Jl~s.a CjLlai tilliA (jSj jJ (jl 

.<^Lia <j-la-a <lla>. .iad V Jia. jl tN o-laC-L/1 ^la-N JLlaJ J Jia. (Jjjau laj jaiml .V" 

Constrain Satisfaction Problems (CSPs) UaJI LJi Jilma 

<LU Jat, <ija Jfc JJaall <ijall (jSJ t (j— CaKlall <11 uiaS t Jaiuiall JaJ <Aui.uj <ija _jA lajLui ^ajjall (Jlidl Jlill 

.generalized solution <lLaa ^pojcill 

JaLaall (ja Jtll i_Vn.-ill Jad dijjjlj. j a> ■-!' 

j|—C jKLH <SLaa-a Ja. ^—2 l^alaiiluil ( JI ^lj-a i I ii^sl t j~djl^lxill <lLuw Jad 4 i/n/ra a t”)mil <pjjl_ji. a.■-! ' Jp.1 (j^ 

<11, MixtS 1 g ljWi (j^-aJ N — QUeenS (j — dil^Lall <11* t JjLuaall jp ^Ltll I qj'i * Will (JaJ <pjj'^<^ Jic. J i_i»'ill Jp*l (j-a 

tjjjLuall jl JLaj_Jll (j^ J^c* Jq-ai (J^l Cjliillll jl liliL/LaJI i_al .*'i<IL ^aji CSPS JjLuw Jad <il Jdj tLiaJI JLajaii 

. t“ 1*v ill JLL^. (j^a JjLuiaII a La J^jj 

I ^ t liAj tdajjLallj A Li 'jJI (jl, \JI (_pajl. --i^. c tCSPsJI <!LuLa i_S£}*J (Jl ^Vl*v i tCSPS JiLuta j^a JaLtiill Jj3j 

.CSPs Liyll jJjLaua lJljjju — 
.CSPs L^jJI Jajjaj (JjLolc ~ 

.CSPs U^jJI Jajai JiLuia Ja. dlLiajjlj^. 

Definition of a CSPs LlaJI Jaji Jllu^ 

tconstraints iajjdllj domains Jnkill <jj^J tvariables ojiidl JaJ L^JI JiU (^Jtll ^^Jl Jjdill 

: JaaJ constraint network JJill <Jd Juj Jj 

.Vj , V 2 .V n tdlljailLall <c.ja-Na — 

. Dj , D 2 .D n Jll JLa-a jl (jljaa — 

. Dj Jaliall Jla-all (ja.ai LaaS (jjj Vj djIjaiiLall — 

. Cj , C 2 .C m Jaj_Joll <C._jAa^a — 

.<)jjJI dj Ji.'iall (_pa*al (jjjLldil jl dllsUaill (^3 A i^aall jaaill d' ■Cj dajall — 
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Jajj-kl jl Jaj-ui CjjjJJLA-allj ^xiiill ^ \x a) 4?A^Ujj\\ c^lliA Ja IAJLuiaII — 

(JyiVi IgjlijUaj Q^ 1 *)) djjjJxlL&Il £) A< y (JJJ J^jjj _jt A3 ^Lc« liJljA Ja I Lja^l Jajai AJLui^ — 

(jj* -l^,lj ^1 t.-^gVn V (jl vnj 4i! ^ \x a) (. Ux .^0 (jl i # l^kj -Wj l£ ' ^jjj iLja^ll Jajj^uj 
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: (Jlla 


jl Isjjl jl ljA^.1 11 g i-a s^]| (j_jl (jl (jSiaaj Olj£ Cj3j lij3 (J_jkj (jlS ‘3*^ juoj “ULu^atl 4c. 1 j> s~* (j^A.i 

.QjJJL 4jjljjilj (^jVi S)£tl i_gjLuij ^.ic. iajJu 4 l.cn-k .all cl3lii]l dlljStll (jl_j]l (s^ La 1 1-ag La jyjj] (_^l jl 

IsLlc-l aJI.uia\1 (JaJI dlVL*. (_pa*J Jhljjj iL-o^ll 4lLaoa 4x-l_n.^i “LLiji 3 4 j]\jJI 4jla.Vt 


Variables cji^JLLaJI 

• VI , V 2, V 3, . . with Domains D1 , D2 , D3 , . . . 

Constraints isj^uJl 

• Set of allowed value pairs {(red, blue), (green, blue), (green, red)} 

{(red, blue), (green, blue), (green, red)} 433 JI acjx^. ry^A\ ^1 

• VI "not equal to" V2, 


.V2 j VI (jjjjiliAll (_£jl_uij ^aLE. JajLiuj 

Solution 

• Assign values to variables that satisfy all constraints 


• VI = red , V2 = blue , V3 = green , 



Properties of CSPs LisjH kj£ JJl^a ^Laa. 

I^LaJ&LU s^JlIa sAl^C- 0 uajl ■ ~ t^ajjll d)>L-all (ja*sll JJ>a9~i 4_iaaja] JajjJull ^,’l-Vnn'l 

.l^jljjaLLo ^1 ^1 fn . «l -ta^Ldl V c pa rti a I information 4^3^ LjLa_jl*-a -Lajjai]! jLaj • 

(jl (jSaaj tLliLa VI, V2 (jjjj».‘»<a j-iaj La.iic. JU^iill (ji ^ '*a\ mon - directional 4j&Lajl i"nail I>^-» 11 -Lajjaill • 

. (ju^nllj (Jii^jIIj V2 ^^lc. UajLu C5 iuu V1 ^^Ic. Jaj-Ui ^gic- (JV ALa^U LqA^JjjjJ 

4-ijLaia. Aj-laA ^JjAj d t_aaj j^jll 4i!vLaJI Lo jjiaj cs^ niiljS declarative 4 j-n }y-^ -Lajjaill • 

.4aLl*JI lilij 

4jlgjll ^—3 ^Lali&L/l (JSs tliac. ,laj|jaji]l v.. ij'ijj (J^.'in Ll9 t3dditive 4i»<a-N Igjl LUajI JajjJi]l (j^aal U^J * 

. IgJalijjl jjjtj ^C. j U^ii) 

. 4£ji.,'.,.a dlljjili^ (jjil^j 4jlliLa]l ijjaillj .Ij-itj VI 4 Ifmu (j_j£L V t Ijj^. 1 Jajjjuillj • 

Algorithms for CSPs La>tl lajJi JjIuw ujUajjl^ 

4j 3L j) j> 4JLuw (j_j£jj o!3c.i LaSj tn = 8 Queens puzzle (jUaiill djl^l^ll 4 j*J 4lLu^ ^Jl ^ AiILj 


:Clljj£-a 

4_jaj^ji A ]| constraints ijjjill 4 j.j^-v^j tCjljoioAll ^y> values ^ajall 4 j.j^-^^j tvariables CjljjiiLall 4 £.j^-^. 

.iajjajill (3^-j ‘■“n'N.i CjljjilLall (j-o (_^V 4 aj 3 jlajlj t CjljjaLLa]! (jjj 
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Constraints 

. dlSjll (jjaj ,_g-9 lA.li.tj (jl CjljoilLall tilL ^jJaluu ^jall l*i n**ii _jAj tCjljjiiall A jl-s a A&ja-\ a ^jjj <iiLtc. _jA JajjuoM 

Ijla tig(jc. a ql'i-s<a tg^ajs uj-^ *■.'T*.. 1 XI, X2, X3 cjl__}ji!La]l jjl 111 Jjkj tAII-diff(Xl, X2, X3) -L^Lall LliLa 
Lai t<]_jaLa (jj^J tXl = 1, X2 = 2, X3 = 3 “ULaJI (jli tCjljjatLall t41M ^uall Ac-ya^a ^gA {1, 2, 3} ‘Lc-j.a'S.all dijlia 

.“UjjLa jjc XI = 1, XI = 1, XI = 3 “LILaJI 

Finding a Solution JaJI jbJ 

NP aJLuixj iA i» i^i NP-Complete 4]l_uw ^^A tlajjjji]l J£ (jk^j ^^jll CjljjijA]l J£] “Laic. <aHx- jLvjl A ilac. (_jl 
ag-all ^Uk^VI tl£Lll L^Law CjUjt^jj (> sja.lj ^a (nondeterministic polynomial-time hard) 

t41<a i j_g\ (jlS ILIj t^jkllj CjIj.)»."'x'1I Qjj A X-a.aH CjLLsIjjjL/I <4 ■ .-i 3 JLL^. <j-a jjLLall A Li > al^J (J-a*j (J^JSI CliljiV' 

. lg n; A 'X-ax'll CjUalijjVI i^ya d n lii-ll jjjfe ‘CljjJ*Ha]l Lull Cjjl£j d ^aall 

:CSP L-ajll ip a\LuS N = 8 Queens jLull Cjl£Lall <lLi* Representations JLll 
ijb La£ t<aili-a (_ 3 jia a-l*J OSP Lia^l -Ljai 43l,uut£ lg l/Wi (jfLaJ 41L,n.a]l oLa 

Representation 1 jlsJj Aljjlatl 

A -a /a^s lg la -l 2 ».lj (JiLaj N dlljji!Lall Lu.l] cl)' ‘(jLajll Cjl^Lall ^ya o-laJj J£ ^c (jfLaJ (jjl i S_}*J (jl JSj^j 

. (jJ*-a i j.'.ir.A i^\ ^..-i 1 (jjl Li] (JlLaj ^jkllj t 1 . . . N2 (j-a 
UaLujI 64 8 = 281,474,976,710,656 ^1 tUalijjl 64 8 .a.ic. 4 a aLi j, CjllaLGjI Lu4 (jj£L 3/will ILa tj,n-sj 

.search space du*JI <tL^a ^ ta tii * 


1 a 

b 

c 

d 

e 

i 

9 

h 


f 








1 

2 






•M?/ 


2 

3 I 




ii/i r 
■ ! 




3 

4?^ 







w 

4 

5 I 

1 







5 

6 



# 





b 

7r 








7 

8 








8 

1 a 

b 

C 

d 

e 

{ 

g 

h 



^3 CjljjitiLall A L a a l jllLall ^. ^-il_^a ^ cJ 3^1 * ‘’ll I La 


Qi = 1 
Q 2 = 15 
Q 3 = 21 
Q 4 = 32 

Qs = 34 (JJ>4I JjVI £i>4l (j-a <tAi t^jVI JAaall 

Q6 = 44 

Q 7 = 54 • 

Qs = 59 


Representation 2 ojjjI Aiajla]| 

^aJ (j-aj tJ_jAC- (Jfi jX-a aA^lj <£La lajjj ^-ilc.j tJ_jA*JI (jaiSLJ ^ (jiif^La 1 Vi5<ii V 4-i! tUnux' ^A 

4c-j)X,-n xij tQ]^.Q[\| : IjaiLa N ljj4 (jl LA^! tlgja dll^Lall (j^a (_£I ^..nc LA^! t" n*s i_ija.^-ill i_a/ b'X i 

f Q f 

I tdla4SI a-1 • --i 3 ^^3 1 i^aa 1 al"i-s a LLaLujI 8 t4tixij Jn^'ill ILAj t{l ,2.N} I^^A CjljjilLal! oLa ^ya ^4^1 

J£ fill ^£1 (JLaJ tgjl V) t\g its, .lia* jjjiaaS AiLutll Li_)i4l (j-a Jal lgj_j^ (*4jJ ‘-LaLujI 16,777,216 

.OVL4I 
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= 1 
= 2 
= 3 
= 4 
= 5 
= 6 
= 7 
= 8 


^3 ^ f'l-a-a Kk'W lOA 

V tA-ijllill JaLqjJI Aij^La 


.(Jj-^alLa Jajaai ^1 <La^kjJJ Ajkj lOonStfSintS Jaj^jjailt 

. \W 1 g A>»t \ ^.l^J <jl CjISUI ^ik n .n V :Condition 1 LjJJl 

d i_gJluLa Qj <^Lall £9^a I'Nj 4jli . i ^j t'h-N I Qj “La^-l^-a ^ji-TntM Qj <£lall dulSi 1 jl 

. La^_i9 (jlaij (jjjU! Qj j Qj (jjjjiliAl! \Haj3 tj jxu>i 1 g»9_^a ^3 Qj AjLLall 

. ^uaxJI I g . >>T I S_aa.l£_a CjlSXal! ^ iUVi'i :COnditiOn 2 (jj-ul Ja^utll 
131 t I_ia9lj t (_>uaj (_g3 Qj j Qj (jlj^Lall (jj£j (jl (JlVnn.aH (j-a 4jl ^laj t9_j-aaJI (jaiaj ^3 VllfLlal! CllilS I jj tIjaatlj 

.Qj ^Qj JLajaill ^Uv u <..-ill (jiisi CjKLII dul£ 

Jl ^l‘l*s l9 tLdajI i_jl (_>u9j j_j 3 (jjfij (jl £jla!luU jls t(_£ji.l £-a ^}iaa]l (jaiflj dASLLall j^a (_^l ClljlS Ijlj 

.M-jl^lQj-QjlJ^I 
Representing the Constraints LjjJJ! Jji»2 

.Oj j ‘.An n**illj JLajjd]! (J!laj tj i t”)i*s_i Qj j Qj CjljjilLal! (ja ^jj (JS (jJJ 
tiljj] Iqq-s,» Qj = B j Qj = A 4aj.Vlj CjljoilLallj jaljjjVI (j_J^J Oj j -Lajaai (JSL1 

.| A - B | 2| i - j | j A £B (jl£ lj) iaasj lj] 

Solutions ajIuia]| JjK 

(JS (_g‘q*s‘i Qi. Q n tilL ^11 j)-a JaLujI (_^l _jA tN — Queens (j — CjIfLLall <lLuia 

. Jaj^jall 

. dj|jJ*ILa]| (j<a ‘ic.jx'-N a (_jl j^a jjl JLajjjall j)^AJ 

.cjlj)ir."i^ll (j^ ^Ijijl (j^a (j_j£ju Jajjaai ^ ^i tbinary constraints “Lul£ Jaas ^j - cjlfilal! (JjLuw ^VWi 

jjj^J (_j^ll tdlljji!La]l (j^a “Lu^^ ^ 43^)*-a ^jiailuU Lijli t“0^0^11 dllialjjjyi (JS, jl i'WIj ^)J-aJ ^QaLuiJ (J^J lia3 IjJ 

.t't-N ill a-LCaa CjUaLujVI a ql'i-s^ (jm-N'ill (JjiaI ^liaLuij tl^Aj tjLrs^lut^ (JaJI 

.^aati^al jlajjU t'Laliiia <aj^Ja (jj^J tLCa^)]l ijai aJVuia^ aJL.haII (jC. t 

Remarks tiUa^SUll 

.Cjljji!La]l L_UJJJJ tj^-aLaj/l tpistil ^t^Ca^a ^jt^il_^a (jC. Cjlia^jLall (_>a*J ^gii Laa3 

Generic Backtracking ^UJI gzi] 

l^ya ojy i'ii t” )*s iILj ^ju S^allj tLCa^l JLajai (JjLui-a (_Ja. (Ja^l (ja JaaouVI “'LiajjIjiJI _jA ^abtll ^ 

LaAlc-j tAjJla. ^lilLaJ “Cajall JaJjJ jaj^j toj-N .'Ml (JiuiV tilj2vjj LaSj tCjljjatLall dlllaljjjl 
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^gIc.VI ^ 4* 1 . ^ nil lijli tJLajUll lillgUjl Ijl A_Iaaj (_^l (_^3j .JajJuiSI (_)■*•<-a U lijli t-iajUi]! ( ^3 cdjiUuj 

.S^JUl3l 

Note 

Oba. Jba. A_wjjljia. t"iuii] ^l*JI £JLii]l (jl £-a tl-bv 4 j_j9 Zj£>3 CjIULjjI (jc. ajy rill CLr^JI ojfla jjl 

OSPS l_Ua_)]l -lajbu (JjLui^ (Jab dj4aj|jl_ji. (Jfa (jl V] t Itm > in > u**» (_£ I ^ya ljJij£ BT (j, 4**»" £bb3l (jl ?^Ji3 

. aII-miaII ^-n-s £-a Ljjlo (_}£ ut) .bjjj tlioj .ikb 

Forward Checking ^UVI p^illl 

(j-a ^gjl tlafuM tU A^ajS 1 llijj US US I jl La COJ-S nil! ^ j»Lo5U ^}Iaall oj$& ^gic. -baUu ^^-aLaVI (j.n^.q'11 

.<iaJJj^a]l JJC. Olj,)»."l.all (jjliaj jl (ji-ll-a ^>jWi ojSs ^^Ic. -bU*j (_j&J t A li n^all JJC. dlljjiUall 


Variable Ordering jJuaJI uujjj 

£-a (J^al*j]l A_i3 (_gj]| i»_iijjjll ^^le. .boUtj CliaJI CjU-ajjIji. sa-liSj ieljVI (_glc. iJ&nij Jpj<« j-al ^aiUoll jlili.1 (jl 

(3 aail ^Si-aliibll jl (jSLuill i—Lijjlll A 4‘i-s ^ i_ilUu£l CjUII i44&j tAj^ajjIjiUI o«.US ^^Ic. jjjj t. I jjjjll Ij&j tAjUa-all dlljaiUa 

. dlljJxUUIj 


jju^all JJ (> A-abkiaw References Textbooks <yyai wy£§ (3 

1. "Artificial Intelligence", by Elaine Rich and Kevin Knight, (2006), McGraw Hill 
companies Inc., Chapter 2-3, page 29-98. 

2. "Artificial Intelligence: A Modern Approach" by Stuart Russell and Peter Norvig, 

(2002), Prentice Hall, Chapter 3-6, page 59-189. 

3. "Computational Intelligence: A Logical Approach", by David Poole, Alan Mackworth, 
and Randy Goebel, (1998), Oxford University Press, Chapter 4, page 113-163. 

4. "Artificial Intelligence: Structures and Strategies for Complex Problem Solving", by 
George F. Luger, (2002), Addison-Wesley, Chapter 2-6, page 35-193. 

5. "Al: A New Synthesis", by Nils J. Nilsson, (1998), Morgan Kaufmann Inc., Chapter 
7-9, Page 117-160. 

6. "Artificial Intelligence: Theory and Practice", by Thomas Dean, (1994), 

Addison-Wesley, Chapter 3-4, Page 71-131. 

7. Related documents from open source, mainly internet. An exhaustive list is 
being prepared for inclusion at a later date. 
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-r- 

UUu 

H ♦♦ 

Knowledge Representation Issues, Predicate Logic, Rules 


Knowledge Representation JA^ • 
KR Using Predicate Logic < 3^1 JAaS • 

KR Using Rules JAa • 

References ^IjJI • 
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? <u>u U 

.general term ^ILu^a ^ Knowledge 4ij*-all 
. IjLa J\ "<ji" <ajxJlj LLkj "how to represent knowledge" ILa <jUI i .iU -. n 

tijUJI iju i_i£ <aj*^ :<Jia lilSjj :knowing "how to do something" J*£ UuS <ij*-a 

.Procedural knowledge 

AfijxJI jjja. <aj*-a :JLa tilSjj :knowing "that something is true or false" J\ lJU La liiL, J 4ij*-a 

.A isjj ..-iill “Ij^ualLl ^.-auilj t£_^)xall ^^lc. 

t<jfii]l -t-i 'll (jJjj.2 (jh» lj La&j t gjjatls -a (jj^j^ia 1 g ljWi AjL^Iaj <3j*-all jjl 

“Laj^la _j^3 <3jjuall (Jjl a) Lai t^Uaill lilli La A Li * .1 jj System S Competence ^Uaill oj^& ■A’lVlj t^JLtll i La*aj 

.«.UsVl lP«j system's performance ^Ikill *U L’ns ; t<ajxJI 

. 4jj*-all (J-iLaJ (j-a 1 all's -a lc_jj ^ ilJ-Vli 4jjjuall ^ya i _all's ^ (J£j 

sjIc iai<L l^iUTj The Knowledge Representation models 4ij*JI Jj1<l ^ LLu jj 

Logic (jiaiall • 
Rules • 

Frames oljLLVy ^IjSlI • 
Semantic Net 3JV.ilI Cil£^i • 

.reasoning jj * .aMl i_ulLuii ^a a alls * Vt^ail t . ilLm <3j*-all ^ya a alls .all £d_jjVI_$ 
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Introduction (V 

Cjli (j_jfaj Jill data dlljlujllj IAxj (_£i]l (J.mi.Imu]' j! L_l3l*u]l lljlj ' in-ijl >_Jtjj tj»te J)->i.-i.a ^&s “tJuaHi 1 iqlml Lafs 

(jj£2ia tolilull la Ja-ajii tCjlilull dlli analyzing Jjkjj organizing ^h ni j <*iia 

tknowledge 4ij*-all , ^ Vi CjlajkJI evaluation interpretation j^luj information cjlajku UjjJ 

.Wisdom “LafLaJ! Ijj.}] (jjfsu J)*-il 4_iujJau]l £_£JIua]I ^J3j 

Knowledge Progression iJiUj 


■tijjjaj (jLuijVI Jj Jbj t“i<afL^JI Jia. CjljLull ^ya “tjua]l (J.uAuia 






. 1 gTie’ll Jl ^^C-liLu-aVI c-lfiill UaS^J lA i» jj3-» 



Understanding 
- > 

Principles 


Wisdom 


. !)liia i Ig i>i» 1 (jc. ^(jjjLLaJI (j^a cijljLii]l Jj Jajj Data CjliLul! 

(jjlj liLaj ^ya A T)ia^U “tulualfi t (Jig**. II (jjj djli£>U ^3j (_j.iU.autj Ja La-iic. CjLaJtaall jg Wl Information CjLaJuall 
. jJ-i.al 'g Lau t4usj ^ 0 Jl a" n^iq-s 'll sjlj^JI I (Jjkjj jUI (Jluall ^3 (JjjljLaJI JLajjj La-lic. ^lua t JLaj 

CjIuLvI Jc. (Jii-vs i°i tAiLull cul£l*]l (jjj patterns JaLajVl i —iajjij Lajuc. ^Jaiia Knowledge “taja-atl Lai 

l^ya (jj£j V <jli tlul*3 <aJaijauu “tuajJj 1 . 12 a 4u]lc. “tjJaJ (jjjfij ululfi Ijl I (JJj LaJUC. ^tlLa t V._ sj£ ^-_jj ^ya A It..-V 

. _)Joan t^jli IjJ t<J_jla_)]l eljJaVI (JaiVl (jl Jjilail 
t?liLal (Jjluiill 4jl=J Jc. J..o-. ~i°l (JLaLajVI <■ ~1 ■ A\ Jill alllOjdl ^JjAU_kjl '•_LkUiSj •ijji js Wisdom Jla jjiaij 

.t^jljjjuj aj^pJI CjliajJj allljtjjj _)-s nllj _}Iau]l (jjj “tjjlaJI CLx^kc- Ua]l <iat^VI ItiUi (J^°j 

Knowledge Model (Bellinger 1980) Aij*-*U ^ A«jalLj £JjaJ 

(> CjluLnll (> 4uaa 4 “understanding” ^Ij “connectedness” Jjljj a+ji <aj*-all ^ 

Jajljjll (jjj <jJ_)Ia]l “ts!)LaJlj ^uua_jj ^£^1 (JSaull ^3 La£ .“La^JaJI Jl 'Juaj J_}*-a]lj CjLa_jl*-all 

Degree of 
Connectedness 
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CjVlaiiV' ^-i^iiltransitions understanding J! CjUjkJI J! CjULuI! CjVL&VU t 

5Jla. (j-o JlaajL/! qll Lai t“LafLaJ! IjjiJj 


AjukUiLa 


. IjIjjoj ji v-1.i~• (jC. V-iJ 14-pLoj]! (JLLUlfs 
£-a (_Lal «jj 3 Ai^uall La! i (jj*-o (JLiu) J! l^asUjalj (JjjliaJI ^^lc. Aa1*j ‘ ^^oJaLall £-a (J-aLuiu CjLa_jl*-al!j dlljLulU 
La (jfr Vti'P'S in La (JaJ ^y> Ajjj *■. u * l ‘^" 1 nJ.i'tLn.all (_LoI*jj “LafLaJlj i jL^jV! ^^lc- Li.iC.LuiJ (_$L3! jjJaLxl! 


.Ciia. .33 


i_]Aa_i 


Knowledge Category aAjx^I I c^Ua 

Jjj <jlA-kJa]l A3 ^la]I (.Explicit A^jjlaIIj Aj^jJall TSClt AlLalxJI A^jjlaII iL oA ^Jj A^xaII l qu^tTi 

. A^jxaI] A_iajuJ! ^Ac- A-^jjx^all A^xaIIj (, A *\ jll ^)JC> A_iaxJI AJ3j*-<^ ^)jjl ^Jc* 


Tacit knowledge 

4aLaJai! Aijx^j 

Explicit knowledge 

• Exists within a human being; it is 

• Exists outside a human being; it is 

embodied. 

embedded. 

.A x^l3 6«lul^Q (jjSjj 6(JJJjaLl]l JlSJI ^9 0JJ-Q • 

.A ■^.a.'i.a (jjSj t^LaiiV! ^jla. • 

• Difficult to articulate formally. 

• Can be articulated formally. 

. Llq_ujj l^JLjJaj (. • 

.A_lojujj AJt_u^aJ iSajjaU • 

• Difficult to communicate or share. 

• Can be shared, copied, processed and 

. IjSjLaUij 1^-3 Jlx-ajV 1 (. 1» • 

stored. 

• Hard to steal or copy. 

. Ig’WlLuaj !g -s mij l^IiSjLuw ( *_lla!Luij • 


• Easy to steal or copy 

• Drawn from experience, action 

. !g -s mlj Cg-uU • 

subjective insight. 

• Drawn from artifact of some type as 

.A n«o'N ui\l dilj (jlatflVI^ diljjaJI • 

principle, procedure, process, concepts. 


CllLlLaxJtj dltc. jj ^JA • 


. Uxillj 


Knowledge Typology Map tijxA 1 (Juluaj 4kj 

Tadt knowledge A_n-ajJa]l A^jx-<JI iA_^jjj«*allj A_nxjJa]l AJ3jx-<JI tAJ3jx-<d! JjcJ llj AJajjJI 

CliLiLajJlj dil^.jj ^j-a ^Jaj Explicit knowledge A_^j^alt Ai^x-ollj t ajjJIj (Jxallj s^j^JI 

^C»\ u^ill ^r'n^ll jl l $Jxs>a1\ S^&LuJI ^oaILoJIj 

.SaJ j q^£j ^c-uij jl diljLij Facts 
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.“Lalc. dlljj^ Cjjl mVij £jLuil! I g -a ml A L>*nljj i_jlSLaV I jl Cjl .aKII jl jA^aljaJI CjlaS OonCSptS ^jAlLall 

(Jaxj i_ij£ J^ V .Ij c-LLaVI (_i-a*j *_LlfS *_<1 . ■-!' Jill A Li m iV I jl Cjl.li.VI J-a l3^~^ LS^ • PfOCSSSSS CjLLaxll 

.*L&! 


. (Ja-alill jliiV! -Ixj gjjj Jill Cjljljallj ojJ-i's i ojLn. o.'iVuill A. LiCuVI J^ <1 m.Im iPrOCSdUTSS Cjl«. JiVI 


.gjtijlljjiAi jl L_iixuj Cjlx3j!ill (Ja*j ^■■a.uu Cjljjiojljj (jjjlj3j “Lolc. jajlrs : Principles J-llxall 



. “LuIjiVI <3j*-allj Aijj^all Ai^auall :43j*-all J^a Jj£_jj $. LLjl (Ji.1 J^a <3 ^xa 1I c-LLjl 4jLaC. ^3 Ji'im'i Cllj-iVI a3A 

Knowledge Types 4ij*JI £ljil 

lPsxjj t Declarative ^^^11 i-ai^Jlj Procedural (jIjiVI ^ < n JI <^] 4ij*-all ^JIjjVI L> iJI *Ulc. i Vi .^j 

.CJUj <. qj'i . Wi*\ Strategic jiCljimyi Aija-all t. in>ii (jjjilJI 
;> JlJ Ijl ^jj (j^oulta tdiljjijajll dijliill (_p=ou JLa procedural knowledge 5 jjI»VI AijXAU 4_uJb 

(jjlili Ojij Ijj Ji-j iLLla tCjl JiKllj 4jc. jjjajll jfLaJI J»a j£Ll V La (_)*3 ^3 1 g m3i jg J-Vi Ijlj j’un^ill 4i^}*-a]l 

J^a V-lJ 4iajJa]l jl (Jxall i 5.-V' bjl _jA (jjjlilli t<iJjt.-ill 43j*-all J^a “LjjjS “LuIjiVI 43j*-all (jl (_£jj (j-a dljAj tjsAjC.Lujaj 

explicit <=^>^1 4ij*-a declarative knowledge ^ja^ua^l ^ijxJI LI L-Jb-aj 

strategic l$j jl JxilU U*LU J j£\ Ai^JI ^knowledge 

.l$i* iL^L* <1U£ J ^declarative knowledge ^p^-ajJI AijxJI j^ <j^£ 1^11 knowledge 

Procedural knowledgeA^I^VI &jla1\ 

^/j| |jjj tCjjJJjj jl Ujuj ^>^1 jliJ jl^ lij iliLa jc« A^)je-c • 

jl ^ JL-iVi > • 


jjAjLaC. I 


.models ^ibullj agendas UU \llj oLiCiljimVIj rules jcljallj procedures oLIjiVI :l^j& 4liJ • 
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Declarative knowledge 


. Cjjjjjj j)A liui ^)j£l jpJJ jl tdlijUal <*jjl i^IIa'i ojLjxull I^Iaa tliiaLi. j! IajLjai 1 m-a liiau jjl 4j_}XA 

. CjliDlaJlj JjjlaaJI (jc. tdil.ia.'Jlj (_pajC. jl Jjia'i 

ajll ^iLajj (JI-iiaI'j CjK ±uij dll .IiSsjjIIj CjLijjLallj jjjULaJlj CjUjISHIj ^jAUaII llgjc. <lLal 


Relationship among Knowledge Types 4ij*-all ^Ijjf ^ <£U3I 







l Yes 


Explicit 



i A A A l /t « X . . A . 1 . .t - % 1 


Describing, 


Poina 

4a>*A 4 jl^A 


Tasks and 


Mental Skill 

methods 

- 


Fig. Relationship among types of knowledge 


: ^.djj o!)lc.l (JSojaSI 

4jj_ja 3«JI mVli ."doing." (Jxal! JLijjj 4-jjJ^VI ^jja-allj ^describing" . da^ll ^gJI .lajjj a j-s jj( j) 

-LaJjJ <jaaVI mV'j i 1 g in sJ_j 2 a_jA]l sj 3 ^^Ac. AiLal ..-illj “djjjAallj A i*sjjt.-iill 4 A^jxa 1 I JaJjJ 

4j! i4 ^J^]\\ <aj3uallj a.Jul] A -njVK <3jjla 1I jJjlaJ tl—ijlLall (JA 4j! ^ic- J.Sjj t4jjJ)^VIj A i*sjji..-iill AAjjlaII 

. (?i _aa£) *_a_>*j (jl (Jj 3 (..(jc.) i_a^tj jjl -ita-al! (j a 

<3j*a J£ (jlj ttacit knowledge kiA^ 4ij*-a l$i£ procedural knowledge <jjIj=J 3ij*-a J£ jj £ tdllil 

.explicit knowledge 4ij*-a l$i£ declarative knowledge ^ 

Framework of Knowledge Representation (Poole 1998) Aijxall JJUj] ^ Jac jUa) 

(_jJI Vjl ^tiaJ t^ija-all tilj^l ^ a-n\j tl. 1 }^, I-Sjxa (J_jjjlA (Ja. 1 g -n 11 » i ^£3 hJjI.ua ,11 da. a <i.,-ij t-jj.ul **» II i_lilajj 

tig Ag^ u_jjAulall ^jlaiLuLl ^^lia t<aa.l)l In..- iVI <*131 ddajll IAa Jjoaaj jajd ^aJ (jAj t<3jl-> iaII 1 m 1 a <l..-ij <c.l n^i 

Iaj9 ^da_jA IAa t'dla'^l 4jAu_jal dLiaJjljall ^I.'iVumI i—jjAuLaJI ^jlaiLaLl ^ 
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Fig. Knowledge Representation Framework 

• j (_fa*JI jllaj t. Un*\ 4jt-a3l (JjWl djljx^. (JjjLuJI (JfLiliJI 

. ^JjVI aj3-i**.ll La.H 3-n.-»l ^jjaiall 4*J3L 4JU.ii.a3l AiLa-a • 
.Output djaUaC-L jA 3 t—JjaaiLaJI ( J) ' Ui d 4jL.a.a3l (J-JUoj ^1) \aAjlj • 
.^,V\nn.aH ' g x\g q i j3l 1 4aa.!yl 3-i I I jjc. 4il3L i_Sja^a_JI (JaaJI ejja-a (J d!3i Aiu 3 g 1/Wi ^1) djlaaj-s .all dllj • 

:. ^ i33-i"ii <31.Jl (jl 3-i*\V 

.4 ;» n3-ill 4JJ3L J t<311.HA.1S li, ^-.1 jjc. (JULaj o 

43j*-a Jl 4ii«jJa3l 4jua3l (J_j 2 aj t4-iaa.H 3-<.a-il 4jua Jl 4da.H 3-ii s-\'i ' jjC. 43ja-a3l (Jj_jad O 

Knowledge and Representation AijxAJI JjIajj Aij*^31 • 
43ja-a3U t4jua3l d3Jj jjdj Jill djLilVI J ll3->"ii La£ tKnOWledgO 4jua3l i^ya ajjj£ 4 _i^£ (JjUuia 3I (Jia. i—lUaJj 
i_a^aj£ Knowledge 4jua3l Jl Jaiij i4_ifai3l ->3Vill ajjLaia I g K1 L)U (jLnt.lj tjjlaJiiaa (jljUjS IgJaLajj 
.43j*-a3l encode JJa Representation lgl/wi Lai t4i^*j ^Lll La juW n ^1Jvill aali£ Jid Jl*J3 

.La a .lai J system's performance Jdll $.tal 

(jC- ^.LluiVI (j >IX ) ^ 1‘W *lj c l g. \J\AJ -lijj e-LlJuiVt (jl ^l^kj (j^ Jajaijl 

il^L^L 

'. lg In dll lgli3^*-a ^IlLsj Jill «. Lid'll (j-aj 

. 4 JLuia 3 I (jllaj J aj_jaa._JI djliilSJI (jc. Objects djljjl£3l if 
.4lLuJI (jllaj J djid jll 4 kdiVI Events djIdJil $ 

.alidVI duS up Performance *bSn $ 

.i_La I il» II 43_>*-a3l ^a Meta _ knowledge 4i_pua3l aljj La if 

; t^aj^Li jjc. 4i_}*-a3l JJ-li (_5-l3l ^jLuall (j-aj 

.(JjILajll ^.’i-Vini.aH (JSajiSI jA La JHad formalism Jj.1 n^ill i_ii3Luii (_;!->» ) .^ il3-i“n if 


; ^jjjjjlii.nxi ajLuc. L 4jj*-a3l (JLLaj ^Jl j 3-i 'i i . I dLkj 
.(jjliaJI uju-aj 4J fn ^L3I knowledge level 4aj*-a3l ^jiuu, (a) 
.^oaljjll ^ \ g'l-sILua ^ajj j^SJ cijla.!^3-ii^-iL cCjUjI^II (J_fidi i—aj_)*ij 4 j 9 t^LII symbol level _>a^^ >ii.a^ (b) 

• ^11 di?k t49jatA3l Jl LtJjajij lii3U 'Ji-aaj li3 \i7»H (Jfidill (jl U*-a JLua.V 
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JjoaUIj JjUJI ojj Mapping Jj^aall • 

(jjlUl representation JAa J] tcA/U-AI ,_p«j i> sjjAtAI “facts” (JjltoJi Ac. ja-\a A3_}*-AI 

Cj3_j]I ^p 1.1^. a \* t<jal£ jjc. Normal English ajjI*JI ajjAsaVI a*AIj t^c-ol^AI i p 1 g'Wll«^a ^Jl ^tAi ^Al 

a »n^ill (_paxj3 liUilj matural languages A_»_niAI aJiAI i p diW-AA i<— ijjuilaJI ^AAI 

.ajj^AAI aa ill jc Va? JAA <jj, >Ua symbolic representation 
(jjjlto. (JjjAj "f3CtS to Symbols" jj-aj (JjIsAI (JjjAj ^ic- (jjjAii (jjSLj ^jl i_ia_a (j^jS 

.backward ^qkllj forward ^LVl JAA1 JjjAi ^ hVn .Aj t "symbols to facts" 

I^tAI (jjjj Ajjjl-s iVI AitAI (Jas. JlAa 

eu>l>j Reasoning 

^UoJI _ l5vJL>IaJI t WJI - m “ uaaJI programs 

- > 

< - 

A 

^UIa^ English 

«o>kbuyi understanding 


English 

Representation 


<UjjJbuVI 'AaJUli <A9>ffljoJI Jjuuoj 

iJjjLAI (jjjA&j ^lA! (JjJaJI (JIAallj 


Facts jjliAJI 

Representations a^IAAI 

Spot is a dog 

A fact represented in English sentence 

. CjjJjoi A_aA i. iK (jc. tAjjil-N 'VI AiAlj <£Lu S^laliA! A q;qAl 

dog (Spot) 

Using forward mapping function the above fact is represented in 

logic . (jJaialtj aLLAI a q;qAl JjAaj pj (JjjiAl aJIa 

Vx : dog(x) ->hastail (x) 

A logical representation of the fact that "all dogs have tails" 

. (Jjji IgJ i _ AlfUl (JS <j (J^^Al AqiAll ^AalAI (J fA'ill 

Now using deductive mechanism we can generate a new representation of object : 

.(jjlSLlS AjAa. !AAoj .iilyi ^ ' A"'.^. ,.V t cAAl ^AVAn (J$\ 

hastail (Spot) 

A new object representation 

. (jjlfsA AjAa. JAoj 

Spot has a tail 

Using backward mapping function to generate English sentence 

. A-jj.il'S iVI AiAb A A-n iiljA Jj^kA! aJIa A.liAAj 


English c^aUl aJ^j 
generation 


Internal 

Representation 


Facts 
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Backward Representation^jiiiJI JjIajJIj Forward JjL ull 

! jjjLuill ^OjAiil jc. !)Lu^aij jj£I J^O'n t43j»..all ^jaLsJlj ^aLaVI JjWill ^uOajj t^^ltill JfLutll ^3 ^Oj^ill 

w^JLLloJI isvjuji a JI >juullojJI 

Desired real 
reasoning 







Final 

Facts 


i_$vjoLo\)I 

^ J a aj^a 1.) 


Forward 

representation 

mapping 


Backward 

representation 

mapping 


L^aJbJI JjjptJI 

il I 


Internal 

Representation 


English 

Representation 


Operated by 
program 

(jJb-ljJI JjulOjJI gLol)>J0 Jjlhjjuu UnJULi JjuuojJI 

JSLutll ^3 “tL^aLall -lajlrsllj tlg'i-s.Wn ^oaljjJI ^jkj ^^jll o-j^-all jj t<oLaC. Joj tjjLuill JiLaall ^3 Jaiiail ItsII 

. £c-aljj]l IgjOjj ^^jll <jLtall jj i uq'ill 4-iLoC. ^^Ic. jOu 

Knowledge Representation Schemes Ai^all JjL*j oUakLa 

,v‘iiuV I <3jxa1Ij inheritable <jjja1I 43j*-allj tRelational <j££)1*JI 43_>*-a]l i^^a 43j*-all JjLaj] ^-Ijjl a*jjI ioILa 
^ £ \^c aj. A \\ a CjUjj*j (jL Uus tDeclarative/Procedural ^ulj^Vlj Wj^ill 4ij*-a]lj inferential 

.IaOxj jj£I 1'SJtA-i jj 

Relational Knowledge 4ji£Ull 4ija-*ll 

tU gjK s^bla Jic. blojc.1 two objects jjjjl£ jjj framework J^c. -jlLI 4ij*-all si* ^ 

jii*_i t jiliiii-0 jjjjlfi jJJ 4jjlLa *U3 ^jj JSLOu (jlj 

Inheritable Knowledge AjjjaII 4ijsu*ll 

os ^^jll 4 cjIu 1£J1I c-bii] Igas (_^ill <jiJI i <. Wi tassociated objects <Lujja 1I cAjjlSJI jc. 

,o0j2vja]I djljjl^ll j-sajl.^>~s (jOaaj jl ^J^-s Cjjj 

Inferential Knowledge AJV-iiwVI 4ij»-*ll 


sOc.Lui^a j^a jfll iA J-ijmi 4c. I nst ^A alone A ,«K1I !)lLa tCjljjl£jl jjj djl£>l*JI (JiLa. CjljjlSI j-a J 1 V, Vi * uV I ^A 

.semantics 0 W 0 ^.a.^ t j^illl JV, vi * aV I IIa t4 ^Kll j^ jiiSi J.Vnuj jl jjlall jfLaj t4 ^3 col 

Declarative Knowledge ^^ 30 ]! Aij*-*!! 

^^A i (jailill cLaaalj t jjiiljill lliliLa iajlaaJI ^ Inn a jjC. I^a3 sOj^jaII Ai^auall ^lo-s'nul j£] (l^jS <3j*-all OO^J ojljc. ^A 

.<3j*-a aO^ja-a JJG tAWnn-a j_j^J jl j^aj 

Procedural Knowledge 5 jj1>a,VI 4ij*-*JI 


lliliLo tigmflj <3ja-a]l ^3 A i.a.0i.a t^i^a-all ‘La.’iVnaxill COntTOl information CliLajLua <a3 jjS 05"^ (JjLajll ^A 

e.g. computer programs, directions, and recipes; these indicate specific use or implementation; 
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Relational Knowledge 4ji&UJI 


1^-ajSj (_y=L*\ >«o'V Jc. (Jj'iVi Cllljjlfi i^ya (jjfsju AjajjLtll A9j*-aili i ji! (Jla-aj -iaJj (Jla-o C. -lajjj ASjxaII 

AjilJa ^yajxj) Jlllll (Jj.iJlj lAaiia-a Cjj/l^-a (J5Li» (j-o (Jjaj li& A3j*-a]l £-jj 0 jLijj SjJaliall A ]->/Jail 

ajj» .^> A-i^aJ (JiLadll liAj to-LaC-j/l AjlJo]I ClAjjl£JI (j^ <c-j.a-N.a (jc. (jjjlSa. (JjJlJI tjjjUaJI (jjjot A linin 

.JV^U 


Table - Simple Relational Knowledge 


Player 

Height 

Weight 

Bats - Throws 

UCjUl j»-uj| 

JjJall 

aJ^' 

jSjaJI 

Aaron 

6-0 

180 

Right - Right 

Mays 

5-10 

170 

Right - Right 

Ruth 

6-2 

215 

Left - Left 

Williams 

6-3 

205 

Left - Right 


liUij i—1C.5UI jA i^ya '. (JljJI (JLa tljc. A JLal f -1 l~*C -I (jiLa^ll jpa (j_j£j ‘(Jj^tlLx o5lc.l (JjJlaJI Jj 

(jl jjfLaj ^flalL (jjjJ Alluil lilliAj tl^jUaC-lj Jlaj/I Aiuija. (Jjfl aUj «. Ja j/1 fjAj nJlL^l 1—1C.5UI -ilajj/ c-ljaJ ^I.Wnulj 

Inheritable Knowledge 4 jjja 1I Aij**!! 

t hierarchies a_i^JI ^j2l ,-.j ^^} Ai^*JI ^*.aI j tparents i_ji (jjlfi j y> (_^ajLaa^JI ojj ^^aljc. Ajj*-all (jjfL La 

(^a (jfll tc-Lj/l (j-a (_j-ajL^aaJI jjaalaaJI djjj A_i^JI A j iill (JjLa. (jaj tAaLaxJlj “Lulajaillj A JLJ C-lj/l-s .all ‘La.'lVnu.all 

. e-LuVI ^Jk-iI i» II J5 o-Ja^a l_)VI ji.-mll (jaijLaai. (JS (j_jf£j V t'JiiSi Cllj/ta. 

nJV^iiuiVI CiUI KR (Jjuaj .iiljiii (jl ^Uaj LljLaa tA.j.uih.a jit- lg '^1 tJ^.£Lui5U IjuLo 5l£Li (jjL cIiIjjaIIj 
^ jljlll (ja Ax-ja-s xi jl i Semantic network <1V^I C-lKn'in ^amj lfllj.ll ^_iJ3_ja]I tA_wjJI AoiJI Aija-all (JoLojj 
<aj*-a <JLkjl aIJLj aLj_JI a_^UJI JiLlI (_paj^j t “s I ot—a nd—f i 11 e r structure" jyJI 5la axu J “frames” 

.aJ AasU^al 

CiUall (ja jajillj cjla^all tjjaa^a Aas (j^o j^ai*Jl jl (jjl£J! cjjj (jl (_^l iProperty inheritance ^uaalII Cjjjjj 

.ajAajll ijiA Li^)A a_ij^ (J.^uu classes cjUall ajjjj tlua. tAj^j^c. jii£j/l 
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Baseball knowledge 

<UaJI lS^lxo i isa 

cUaJI u-o eu^xaJI ‘-instance 


U^CCJUJ 


) OJU 

Cmaj 

1 handed ' 



EQUAL . 
handed 


bats 



J^j—UULU 




batting-average 


J 


batting-average 



l_$Njol>JI 


instance 


1 


T 




instance 



team 




team 



c V3_>aoJI JjuuOjJ <UV ill « jICi «h ^dIjcuujjI 

(j^ 1 iiii ‘(isa, instancs, teamj dila^all A^a^all ,->g mV I (JfLcdlj ^ >^-i 

objects cjljjlSJI jLaa 9 box j! nodes JLalail! Lai . a * .q~i jl a aiill ^ g'V^ j a ^■ .-i g ^±s 

.CjU^IL 4 _^>UJI values 


A m -a <Iaaj Loj 3 tdlljliaVI jl frame 4jjj^la 1 g a mj <3jx-all (Jn-aM “LL^la ^tiA ‘(JjjLuill (Jtlal! ^y>j 

•_J j\. . h ^ -■ ■'' 


Viewing a node as a frame:Baseball-player 

Example 

(Jju^nll l_ic«V (JllLo (JtLaS 4_laaj 

isa : Adult-Male 

(UIj :ujlj jA 

Bates : EQUAL handed 

<JjLolLq Ajlj^Ja 

Height : 6.1 

1 . } lAi 

Batting-average : 0.252 

* . Y 0 Y ; dlljjjJall Jaxjjja-a 


.aMcl “semantic network” < 1^.21 cAL^lIj CjIuISJI <jL 1 “frames” ^Ij 3 Ja*j ^ 

Algorithm : Property Inheritance ^lu^l 


dlljlrsll £jaj ‘O A mil A A q A . ^il -» II V A ,a;q\l ^LvjiuAj 




.knowledge base sac. la O jjl£JI a*. . l 


. A xnqll lillj £3 jj ^3 ‘A A n^i'-sll <aj 3 cdljA (jlfi lal .Y 
.^-l^jiluiVI ^ ULia Ijjla a <aj 3 aa.jj V (jl£ lalj i4-aj3 lilliA (j£L (jlj .T 

t" i.^sj (jl ‘A 4 n^i'-sll “Laj3 (jc. i"i-n ilj t<Ajall cdlj] o^lilial! A 4_2vja11j ^3 4-aj3 lilljA (jlS (jlj . £ 


:4jlaJ (c\ -ISkJ V , Jra. ji i iS3 A i.,-ili^l] “Laj3 


. 1 g * 3 jj ^aj3 4-aj3 




.oa*j A Will! isa A n^ilaJI “Laj3 ^^Ic. .3 
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.lAJJls. to-laJj cJliA dljlii (jl tA A it^ iL^I] “LajS lilliA dulSi I jl La Jajl .b 

1. Find object O in the knowledge base. 

2. If there is a value for the attribute A then report that value. 

3. Else, if there is a value for the attribute instance; If not, then fail. 

4. Else, move to the node corresponding to that value and look for a value for the attribute A; If one is found, 
report it. 

5. Else, do until there is no value for the “isa” attribute or until an answer is found : 

(a) Get the value of the “isa” attribute and move to that node. 

(b) See if there is a value for the attribute A; If yes, report it. 

ji&1 cJljA (jl£i (J*aj La IjaSL V tdijjjjll CjLJLO i. ~1 ■ Ai ^^£3 tA Lmn.a 4_wjjl_ji. 4jjLt2l 4_iV)jl_jiJI .1*J 

.“isa” a^UJI J\ (jjlSJI instance a.\„*\\ kxJs ^ 


:a 2UI djljl. .4'i. nV I CjLLi.1 tAja 

team (Pee-Wee-Reese) = Brooklyn-Dodger 


A3j*-all 0.1c. la] JjjLtJI (JtLall jjc. I AA JLojj 

• U^JLW J* 


batting-average(Three-Finger-Brown) = 0.106 
height (Pee-Wee-Reese) = 6.1 
bats (Three Finger Brown) = right 


A • 3 j A (jjLw J^ t' 1C.LUI J-la-a 


.'ayAC- ^ya -laJjij ^l-lijl AlLui _jA 1—1C.LUI JJa 


. ^JaJI -li]l ^^A o-llc. t_ic.LUI Igj Jill lull 

Elaine Rich & Ii_sJtj ^ya tj^aall ^c.1 e.l£Ll]l t_jLi£i ^21 oAjjJI jLaj (Jj ^ya AjJaIIj 

. n \ Jj ajJu^I I tKevin Knight 

Inferential Knowledge aJVHujVI 


i jA^-all i^ya A_ia\_k^ail dlljljj ^A"\ oJbJlaJI CllLaJ*-a]l ^ 'U->Tl toLLoa-all CllLaJ*-a]l 0 . 11 . 1 a. CjLaJa-a 0J-U A3_>*-a]l oAA 

.o-llAa. A2yt_a -la] oj] olia*-a]l ClLa al*-a]l (J 1 Wl l_lU-iTl l&j£] 


.(_£__>al CllisLlc. jl Axaii Jc l^J (J.Vnui .13 l^ia o-l^lj t^jallj ClliiLljdl yA Ac._jAa-a ILa] 

i> a^ja^a (> f, Wn .n (a mathematical deduction ^aljl ^tin^V') al-uJI ^Ivi-all 


: JLla 


"3 


.o^jaiall dlliLu]! (jjj JLajJ] tA jqli i-all CjLiLajJI yA As-ja^a t Vnu.a]l J}laia]l JLLi. t(JL/.£L2jM jVn 


t V " (for all) JSJ 


:^ Jalall CjliLaC. ^ A- 


jW' 


" (and) j i ’ V " (or) J) t " " (not) (implication) 

.(there exists) 

Examples of predicate logic statements ..MuiJI oljhc ^ J\l« 
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.dog (wonder) iKl ^1 ja "Wonder" . ^ 

.V x : dog (x) -> animal(x) :animals cjliljjaJlj <^UJI class all Jl ^ 

(. Lall (J (j'i-)»ii jl (_pajV I (Jc. La] CjliljjaJI (Jd . r 
Vx : animal(x) -> live (x,land) V live (x, water). 

:(jl infer (J.Vmii (jl ^j]*Tnni t^dA^a]! Cj!Aii]l (J-aJI (j^ C$\j 
."Wonder lives either on land or on water." J) t *U]l J J) jajVI J& U "Wonder" i jKH 

. jpSil (jfr J^jWnui liili Cjliildll lillj jjft JuS CjLojLua Ciaujji lilj :4jaaiLa 

Declarative and Procedural Knowledge 4 -po^^illj 2Lulja.yi AajxJI 

. jjad Jlj jjC. “Lulj^yij (jjj CjliCiLiiWI 

Declarative knowledge Aa^uaUI 

jgjJI (jl ^pajaijj domains cW l-sAlj axioms dihg i.jll (jc. 4 i^.jji.-rill (jibLJI (Jc. AjiJI iaa*j tliA 

(ja !AS>j t4j3 *_sillajlj (_£iLa]l Li] (JiLajS CjVJ-a]l Lai t l^sl* ..'A/ A..-i A (JllLa jg L> I ^»] (jl t-JL-a (j_j£j 

. lA.ia.j (_]»"■ (JfLaaJ LgJ jL» j jjl jLaJ j"v jj t s\\ CjljLiaA Lgjua Jalxjjj -LiaLuUJ jg L-ii (J J.allj 4jgjJI 

Procedural knowledge Ajaj^ual]! 4ijsu*]| 

(> V* J*L 0£" J JAaill (j^j J*iJ IjU" J-laij Jill dlVLa^all (jjj (Jjj^j 4_iLaC <3 jxa]I (jj£j tliA 

.Ajual] i_lluu£l oc-Ud Vj (JVAiaAiU <dA>La (jj.ll lg Klj t(JVdiaal o«.US Jc jjiii Ai A <3_)3<-a]li . ilSi Jfc La" 

. Ig •Nlt»J l—Lidj tftJ.Wa c- LJI lAii i. L_i_>*J t J 1 > .^i £calj Jla 4 i*sjji.^ti]I <3j*-a]l (Jjiai Jlj 

4 y- 1. A 4 . ' I j 1—11 q * .-IJ ti_Cjlj^l JC. (_gjl^»'i J9 4.LaaJI (jl “Lsja-a .’IUl i |» IjLill Apilll p3TSer i_jljC-VI ijldo 

adjectives CjU^IIj articles i_Ljj*a]l oljil 0 ]L*j c i—j^u (cjliijjj) 2 -oI__>j aLcdiuiLj Liilaij fji&i dUilj 

.nouns aUu^Vlj 
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KR Using Predicate Logic JhmII <U>dl Jtiai (A 

i ijjoi Laj9j tl^llLajj <j_)*-all LuJa^aj (JjLuJI >LI I ^3 

Ij^a-all (3jl3^ jaaj <-S"^ Li!) t Symbol SthUCtUhOS JjjajII (jA _$l <—lAljpS lj^)*-a]l (Jjia'i ^ ili'imi i_Sj£i 

:LLLa tdil i-n jiljpjaiVlj (jjjljillj (jjlaaJlj ^jaUaSIj CjLuISII 
."red(carl)" _j aI^a^ djL.,.1' J a jLajj carl j LLa ajL>,.J' JLajj red _j (j_jHI JiLaj 

:Assumptions about KR <i>*A]l JAaS cjAcaja 
. t_i£ljj <kJjj Intelligent Behavior ^111 djUl jUil (jLaj - 
ujAjj jic.I_j3 lII a i l_u£Ijj ^c- diljLaaJI (Jjg m‘i (J^.1 (j-o KR languages lj^*-all JAaj CjI*1 «a >«—»i — 

•ajja-o semantics CjVV-i l$J syntax 

1x1 1 ..-i Ac.l_jii] <*jL (j_jfA u' ^Lll jjlinll LAa 4<iialL. jl A -sj-y Cjlj.nn.Vill b_)LA Syntax Ocljia 

- A n» * 

red 1 (carl), redl carl, carl (red 1), red 1 (carl & car2) ? 

.car SjUJI (jjki “dark red” Ix^Lkll LAa ijj« <xi*j ^ill A bjxiL semantics i_i£jj]I CjVVjj 

(jjliaJI (j^ cjAAAJ LI ^Au Inferences JV-ALyL ^Lallj - 

tUluull (Ja.j (JV-AaVI AajL g.AuL <aa.H J-> til Jjjaj d] ^Lau tKR Ai^puall (Jjia'i CjI i t>^a]l oLa (J_jj 3 (JaJ 

.logic ia\I ^1,’iVnul jA <*11111 CjljLill .lalj 

Logic jkiAl) 

<xjAa Lai QjSj ajLc. (_^l La_jAC-j tbl^a. <ja ^11*11 <jc. Ciiljm'illj OljLaJI <jjI*JI jl oJ_j5a_jAll A qj'q-N lb ^Li iaII 

.FALSE <lALk J TRUE 

.Inference Procedure JV-Abyi oUjalj Semantics oVV.illj Syntax i_x£jll -i&IjS :<> ^^iaII (jySA 

Syntax cjjSjIII jcIjS j! ^jilll c_uSjlll 

(JasA lg IjiaI jAj ^JLdl (Jja. (jjliaJli hJa-nII JjAuu] Ig ij^jj ^ jqj^ <*111 Symbols Ji_jaj1I JJlaL ^c-lj3 

.A jql-i ia 

Semantic oWaSI 

lAJWaSJ (Jjliill i^g A La .HaLij (jA IaLxa ^^Ic. jLajc.1 (JasJLj i^-jlj.^ill ^aj3 Jajj A iqj^ JAao ^C.lj3 

.<lLli. jl <jjLa3 (jj^J J3j tjall*ll (jc. CjLI&jI !^A La aJji. A^aII facts (jjliaJlj lA Ia-^.11 

Inference Procedure JV-AuiVI cjlf 1^1 

existing sjj^aII Ja^JI ^ new sentences sajj^JI Ja^JI <^^=2 d^'j s-ylUaV' ^a=l oUja.) ^a 

.sentences 


A h^LLa 

t<llali. jl <LLaj uj^i j3j 4^11*11 (jc. oLlcjl ^a :facts (jjljL^ll 
.relations CjLLIc.j objects olLl£ J] jj*L aL^ J\ ^ :Representation JAaAl/^jall 

.^laL^j ^11 aj^ajj La ^a ’.Sentences Ja^JI 
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Logic as a KR Language J2uil a*I£ 

43_)*a1I (Jjjai A * K (jj3j (jL. aII * aL. a! 1 j i,..gill AaLaC. «.Lul <a~iViha 1I jjjljill j^ A£.jx -aj tjjxnaill Ajtl _jA (jL. i-all 

. ^^C-liLtAaL/l £.l^i]| ^-3 

4il ^jA.Aai j^l <jj)» ksi j-a^'ij t<l)oLi. jl AjjLl^j 1aa 3 Cjlc-l_n.-~.ljj (J-a-NII <a3 i41-a‘i ^--L1L,- -’»! ^Uai jA Logic (jL. i-all 

:^i designing KR language 43 j*aH JAai 

.<1Laa 1I (jjliaj ^ La^aII CjIsLIxIIj Cjljjl^ll Jaia'iI ^LLII j-i.ut.ill ^glc. l^jjCi — ) 

. j-ajll (ja 4]jjLa A __A^i _i 4Cal^]l CjLajlx-all (Jj 2 a 4HluVI 4jI^Ij jjmqill ^_-3 “LiSl^ll I g’nlc-lj — Y 

(jkiallj iPredicate logic aIua-II (jLiaHj tPropositional logic ^jasJI (jL.aH£ t^ilikA ^1^1 (jLcaII jj£jj 

^IjiVl oiAj tDescription logic <^1*^1 (jL.a1Ij tModal logic -LjjCaH (jkiallj iTemporal logic ci>4l 

(jiaiall Ijjl J£ (JaAil LaA Tna-all (jiaiallj jjliJI (jL. i-all jl La£ t(Jsl jl jliSi (JL/. 'll - nil g.-a.uil 33j eLCiL/l Jiaj A al'i-s -all 

•L$y& i 

. 1 g -.-.It -dllj^Lall <aIj3 j£ 3 Vna-all (jJai-all Lai 1 1 g i_i i 1 aj3 JLijIjiHj CjljlaaJI <aIj 3 jA (jjiill (jlaiallj 

Logic Representation <£^541 jIsIaII 

t False ^LLU. J\ True La jj<u jl Lai facts jjjtiiJli UaL.1 LaSj iA Lijt.nll (JjliaJI Jji-all (jlai-all ^1 n~Vn.il jfLaa 

; (jL. i-all ^^Jc- .,1 a~'i».a 43j»a11 (Jjoaj (.LuaiL ^jkj 

. A Li/jaII ^jLuall jl CjL/L/4Ij A Ij- -Tj’I jjaJI j^ Ax- j-a~N -a *_ Ljaji ^n-Vna-all ^jSj • 

(JLaJj t<illl VajIa Jas. i—LjJtlil ^n-Vnu-all £A jjAjll ^-Caj AJllLJ 1—S-J*AJ jLi aII jajkl • 

. tjq}Vi,a <jjLaj (jjlia. 

. SJ1j2-ja1I lilli jA (Jas. Jal n'l * -I jl JVHaI l_u]LuiI >_Lijatlu jLi'l-all * 

.^LLU. jl <uL-a Lai Sentences Ua^JI jj£i jL propositions jL^kVI j^ jjiiJI jLti-all ^ • 
jl ^-j-^iill LlLa iIaIjL^a jLii.! ^-a SjLc- ^^lc. (J^G declarative sentence a i^.j-^ii1I a l^-^ll • 

,-LLLai <1a^. "(Jaaljl ^^ll" aIasJI jj£l L-aajlj t jjlll (JAyjl jj^J ^cJjll jl Ijl^J "jaujI 

. jj^I Jn-oq'ii Vu-aII (jLiall jJojij o^Utjj ^_gLi~i a 11 jLau^.L ^ .,-i aj i Sj-u ^ii LaiS 

Propositional Logic (PL^jiiJI (jL.aH 

jl iLL-a j lialuil La£ jLi.1 ‘LlLa ‘Ljjl^ iL/l i 4 i» i;L>ll Aitlll ^ 4 1-s j-ajj <1a^. jj^J ^3 ®jL £ ' 

-LLU. 

y-jjjlViVL A i-sjj.^Till (Ja 2-JI (J^a*J LalSlJlo^ 

(a) The sky is blue., (b) Snow is cold. , (c) 12 * 12=144 

truth i_jI_ja£3 <a) 3 jjSLj t(_£_)iill (jL.All ^^3 o3^j j*A*al jiVi tAjJala> jl “LuLaj jj^J <1 asJI jl LaSj 

. "false" :1 ^jIja3 4aj 3 diil£ <iiaLk ciiilS Ijlj "true" l-iIj.^.11 <ai 3 diil£ yAjL-a CiilS Ijls tvalue 

<aj 3 lil ^_ia3jj CliHS jlj tV (»! dlil^ Ij] La lil j^iajj (JasLI j^ Ljasa ^_U=>jj (_^1LH Jj^aJI ijlia 

. i—llj - --~.il 
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Sentence 4loJI 

Truth value ulj^il 

Proposition (Y/N) Ajjji 

?V 

"Grass is green" 

"true" 

Yes 

"2 + 5 = 5" 

"false" 

Yes 

"Close the door" 

- 

No 

"Is it hot outside ?" 

- 

No 

"x > 2" where x is variable 

- 

No or Yes (x ^ua uxa) 


i.all jjl La£ t4-uuul (_gj]l <J_jj ^JUtl Jl <Jxuj t JJI ^)jJI jl m*s 11 (jl-i~ix>U_3 Liajl y^aSjl (_jl->'i.all ^.auijj 

Cjlii!)l*JI Jl 4iL-bl tljjaj J£l Cj1jIjC.j (J-aa. (JjSLaiii t<LalS Jjlr*.YI dlljlaxll jl Ja^, i-Jluil li-alaj 

. JaJI (JjJUjj ^j-a-N i_ulLuil jj^a ^_ya!i\ ><-i^» llj A j'qi-i ixill 

Statement, Variables and Symbols jj^Jlj iOIJuaIIj t SjL*JI 

A /qnuY'j i " 'K >.al nilj j, a-s llj l " iU *ih „\l * l 'L , -,11 *La j3j .LaJI Jia tI g l-a Y_iia J£lj l^UIL ^ all ^liL ^Jj jjWi’i ^Jj LajS 


. Iajjc-j -JL^HIj 

Statement SjUJI 

J jliaJ t«j^£ SjIjE. J iSj' 1 ''"' 1 Y Jill jl dljlfi JjL-a t^SSfltenCeS (J.a Jlj ^ J-inaill CjIJJI 

.A 3-ijhmII allljlaxl] jjxj (_yk tC| jl p lilila slower - C3Se aji» k-i\1 JJ-s iVI ^nVnaij tjjaiLuiYI 

..LlJI CjljJaJ Ig jM.aVi a U, ,'Ij ' JjlikYI (J.aJI (j-a 'g » J 4j_Jlj <IaJjJI CjljU*Jlj 

Connective or Operator ^IJjJIj LjIjJ! 

basic 4_iuiLuiYI -laljJjYI CjljJa ^Jc. (J-lj (Jtill (Jj-lsdl idjljjall J’lVnuLj 4_laJjJI CjljhaJI Jajj 4_iLaC. Jj 

dllj <aLa*JI (jjj (.“n-Nj i<jiiaiall <aLa*JI JJjl (^j-saSl jj JiSj Jja (^Aj t<aiii-all Uj^ajj connectives 

.oljJI CjljJall (Jj-li. *■. Un~s A .ag Jlj]| JllaSI 4_uiljJb Jilj tYjl 4_aiaj^)*-a Jc-YI 4 -JjYI 

((((a -.b) V c -> d) <—> n(aVc)) 


( ) 
connective 

Symbols 

^ ijz 

Read as 

assertion 

P 





"p is true" 

negation 

-P 

~ 

! 


Not 

"p is false" 

Conjunction 

P 

q 


&& 

& 

And 

"Both p and q are true" 

Disjunction 

P v 
q 

II 

1 


Or 

"either p is true, or q is true, or 
both" 

Implication 

p^ 

q 

D 

=> 


If..then 

"If p is true, then q is true", "p 
implies q" 

Equivalence 

< — 

> 


o 


If and 
only if 

"p and q are either both true or 
both false" 


. (j^jaiJII 3—i i.all ^9 4_uJ_uiVl ja^aliaJI ^A Ig in JLaJI CjJj-aj “JjoiJI JaJI (jl jjl l-i-sV 
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Truth Value ^ 

:HLo tFALSITY Ulki. j! TRUTH ^a dljLxll truth value cJ^I 

js p v C) SjUaJI lilliSj tApllali. jl “i-uL-a Lol ~p I gjqi t^UVsj tFALSE <liali. jl TRUE “UjLl-o Lol ^a p 
i»_llj..-ill “LojS lilliSij t"T" _$l "1" 3“?^ Sjlft f’lVh.n TRUE c—“L ojS (jc. tllfaAj AaHi. jl “LLL*a 

."F" >JI fl.iiiu.lj j\ "0" >JL Lol FALSE 

:<aiii-oll dljj>'dL oljloxll <LoLi-a]l t-jlj.^ill fja ^_Ua_jj (jill Truth table t-jlj..-ill (Jj.iv (jL Loj9 


p 

q 

"•P 

"■q 

P 

q 

p v q 

p q 

p<—>q 

q 

P 

T 

T 

F 

F 

T 

T 

T 

T 

T 

T 

F 

F 

T 

T 

F 

F 

T 

F 

F 

T 

T 

F 

F 

T 

T 

F 

F 

F 

F 

T 

T 

F 

F 

T 

T 

T 


Tautologies jljSill J jdJ 

a qlj'i^ll o_jlj.^ill fja dulS. Lo^-o Lojb “UjL-3 a L-s ^a (P v -i P^ <LoaJI :Lllo (“LLL-a LojIj ^L <3^ djjovJI (J<asll (jA 

• P 4_yjiJI <loaJL 

Contradictions (j^aLnll 


“LLoaLl o_jlj.^i\' fjfl CjjlS Log-o Ajialv Lojll ^A (P -| P) ^ \<o~>^1 iLllo tAolalv Lojll <jj£j ^^ill djjovJI 4XoaJI ^^A 

•P “djdJI 

Contingencies olai.,.^^11 

^ Vj Contradictions Luo'S i.~~h.nl <LoaJI dulSi IjJ t^l^'isa A l-os jl 4jcl .,- 1,0 “LjavJI A L-slI j 

.Tautologies (_p=i3lii 

.contingency ^iiL^o jL*i (p v q) J1LII a !*v J\ Ltio 

:Consequent ^IvLUIj Antecedent aLUI 
La 'if - clause” -lajLlI a L-s ^a ^^JSjVI (jLjLc. O' 0 (jj^Lu ‘P q SjL*JI LLio t^jlajLlI ciiljL*JI ^y> Laos 

^^ooLj t q ^a La "then - clause" -Ljcdl aJja. a !av LpLII s,L*JI U Antecedent ^iUI S)L*JL ^^-adj <p 

.Consequent <ivLUI ^L*JSL 
Argument <aavll J dlLLM 

(jl (jfLoj dlLjl jl A -ss (_^lj t"(j_jill Ijaol jA LLlil tajlj^ _jjtla]l" iLllo tdlljL*JI (_pa*_J CjLjI jl ^alajj jA CjLjL/I 
ti-jlA dlli “LjLv.L/1 jl ^jsjj.^»~ill (J-oslI (j^ ®-^is L>^ ‘Lc.jo'-s o. ^A A ssll (jL.io'll t<oS^o ojL*£ lg ic. 

.conclusion oULiLoVL lJjjL ^LIj i_j^JI olL ^jsjjk-t.H (J-q-sII (j^ ax. j^-sa .premises <jilaio CjLo^LoS 

Premise <jakiLI ^o^Loll 

Cilia. LiluiV L ^■aj.nVi ,3^^ (Joisll jl Clilj4^*jll (J^~»»' (J_5J3 (Jj^ “d- 1 ! jl dll ids jl LLuil ^ i-uM ^A 

.conclusion 
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Conclusion oUtiiLaVI 

Ig lajjj 44 jqia i<all CjlaLLa]! (JS -la-lia tlgLs (jjjil lL 4 ? 4, ^^Ic- ^j’ 1 . 1 * 8 UJ^ jjl (J-ijLL “Lj^ja. ^'■“T* (_$A 

^.auG <2oU1I <1asJI oIa t^ViVn»V' (_^l <La.LUI L>i;l ^Iasojj tAJa^uil] 4jqia ia “La-lLa 111 (JIaj tUaLujI ij-lic. ^ n.aij 

.argument 1^13 ALlkaSI AjIa^iJ! Ua^JL 
_jA CjLuIU jiaUball JajUl uV 4 La LLul Lk_)Ialjj <auL SjLc. (_)£ij t'Lilaj^u Ha^ (jjjUaij g-y^.11 jl diLlfiVl (JS '.A 3aa.LLa 
.UaiJIj 4-jlji^ill (Ja’i'n’i aIa^. (_$I contingency lial .^>a Igji ji (jjaaLu jl jra-s Lai iillll tSjLc. 
jjl£ Jala lllj I1J (JjjjL (^ilLaaJI (j_j£jj ttautology jLi^.11 aIasJ IjJalla LLajai CjjlSi IjJ Jal3j 111 A "\j"s j -a (jj£s 
oioc-l dijl£ Ijj JaSflj lij ^logically Gguivalsnt Ijqjv^ ^malSLa \\ JjSj tl a-^Uj V L^JaUjjl 

o jaLLill j£ya ^InVnulj LogiLujI jjC. 4_aull]l ojLaJI dljl£ Jala lllj 1 ji jl 4 jjjiiajllalA LagJ (JjJla. 

.tautology jLiaJI 

. jalfull ^1 ‘LlL ^1 LaL..-i-o ^1 LjasLu ^1 L)rii-s Igajfl ^1 a Ia'nII ^'^.a jln-LJ 4_±uilla ..—>ii (Jj.ii. jjl 3a-sV 

Predicate Logic Hu^aII ^U\aW 

Lina. t"x > 1" (jl AiStill HIa tciiLualjjaVI jl assertions dil.i£ll3l ^Ijji i —its (jSLn Lyi (_>n3 (_£jgiJI (_j3a iaII jjl 

.X jaHaII <aj 3 i-lan jin jaJ jjl laA I 3rs Vj njljaa Aa jj V Aa^ 4 La e- t _ 5 -aaJ IjL^ 1 ] jnaj V t J^*-La (_^A X 
: (J^uiSI (^1 <LaaJI jjl ji iXjjioAll 'CiaJj “Lajj ^ .>>'1 jjl Lol tljLi.1 ^X > 1 ^ Li] Jloj (_j^J 
"There is a number x for which x > 1 holds” 

Uaa. "For every number x, x > 1 holds": \i.uA\ ^1 UaaJI jjii J tX > 1 *ua j q-sn ^Lll x laaj ^IUa 

.<ajLuA3 tiJjAj <gjLLa (Jj>i.l 
:<Lilti]| ejjg .'ill <laaJI jLqc-VL ji.lj3j 

“ All men are mortal. Socrates is a man. Then Socrates is mortal” , 

"jjli ialjiui (jjSo IjJ iljiui . jj^jli lK" t.5-^*- 1 t5-^b 

CllLd jj^ja ilK< ^ilaia CjLuI jl 4 1 3at^il£ 4(_^)iiJI (j3a iaIL lg ir. jm"ill ^ la .<LaaJI oLa 

<aLlc. l_L-3_jj 0 auU (_gjll Ajtill lilij jl t la LjI£ <^ 5-^1 4 predicates OiVnu^ll A. ,1 At hi La jl 4 (_>a=Ll I^i-sll a L syy g.Auij 

.CjljaiLall ^I.'i-n'ihiL <ILoa 4CjLjI£]I jjjj 

j 1 —al£ (_^ja 4jl LaS algic. Lij^j ^^1 <*i]l ciiLilaLa 4_Luilii Predicate logic .VumaII jl ^jliuiVt (jJai^Hj 

.<] A xig a ZjAA& (_^jjSJI (j3a iaII jl£il (_gJc. (jjio (j3a iaII jj-a ^jall ILAj t jj > uq'illj 

Predicate XuaaW J alkaVI 

Vnu^llj 4<LaiJI Aac. l" 1 jjA jl Ijla _jA ^jjJa^all 4 .VumaIIj Subject ^_jjJo_ja 1I ‘ jjj» 3aq^ jjA jjjSLu -LaL A Ixi-n (JS 

.^■ja^ajAll iil]j jjC. La filial Ij^kj 

:^LLa 

.runs ja SuaaS\j Judy ^yjajA\ 4"Judy {runs}" UagJI ^ 

A j i -aL^. 1 ~q. .a"‘ A jl q aIasJ a_Jla (j_5^J .VuhaIIj a^ja^a^all La 111 t'ii (_}xall LjjIj 4(Jxall (Ja.uij LajL 4 Predicate .VuhaII 

.variables dljjiLa a 3amljg Ig 1*^1 ^il objects CjIijI£ jjjj liLlc. jl 4jjjl£3 
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:<12al 

“The car Tom is driving is blue" ; "The sky is blue" ; "The cover of this book is blue" 

Vim-all Laa2 B jfLJ V2c i«.LaaJ (jl j£_aj Vim2lj i4 5■ ,-i• IS blue Vlm2l ta2-C-l <12aVI Lij2 

jjc (jjl£ J\ Jlaj “x” >j]ii t "x is blue" 21i ij2j t "B(x)'' J121L <La2l JAai ^ t "is_blue" 

Predicate Logic Expressions jjkl2l ol^usu 

^i-i'i-allj ^l-i'i-al' ^ya I->_il*\ <2121 4 sMm-ill !)12a C-ll,Vim2l Jaj^lLj <J^ii2l (J-a2l Cliljpjj-a 

If ( p(....)&&( !q(....) ||r (....))) 

Logic operators 2iki2l olJ;>a]l 

Ua^ Ji>al || ^qlv ^ ll >jll f hV iJ t (AND) conjunction <La^j (OR) disjunction .kyll <La2 <La! 

I ^121 (J122I (_£j2j ‘(AND) 4 1-a^ jjj 2 && t5 alaia]l _ya_>llj (OR) 

x < y II ( y < z && z < X) 

(jllj tTrue (jj£j <L*21 ^jI^I jU True || ( true && true) ; s^^lb <L*21 i_ilj*2l jl£ Ijla 
: (JSL2L <iua^2l Cut£l ti_JJJj2l ^^ic. Zt y t X CjljjiiLail 1 ‘2 ‘ 3 j2ill 1 1 » .Vij _jls Lajl-i 2j-a JJC- 12k 
3 < 2 || ( 2 < 1 && 1 < 3) 

-£_£j2 TRUE *jlj-.21 “LajS ^^lc. L-*aji <J>^a2l (jfLajj tFALSE _jA <JjL2I 4 » j-,21 a-ilj-,21 “Lajjj 

Predicate Logic Quantifiers ,w2l ^Ivi-all <*a^' ^1121 

La_j-aC. t<j^ai. (jj£2 IlLa (J2 m'lllj ‘l^Jja-a <*i3 -liJlaJj j»-}2 <£)ji. 4 1-a-N V’lmll X > 1 (jli l2Lui 1 ‘il-i-sV La£i 

(JSJ <2121 djbLa2l i^ya o-l2j jjJaij <J^*L (j_j2i (jl (jfLaj 1 3/Will ^j-2 j£j* tlgjljjilla £-° e.Vim-all <La21i 

;l^|jjila 

.UaJaia <2L-aj ojb2l ^ 1 -W-aq 3 <a 2I CjjlS 12 tX > 1 H2a t jjxlall “LajS £_Caj • ^ 
wff Iau. 0^x21 4 »n^ilL j t,Vna2l (_gLii-all ..-1 quantifier ^-a£ (_jaiLLa 2 iWmLi jj*!12I aj-iw . Y 
(^aSlI f 1 •'V'-- !,' 21jj t p(x) J£2I ;> jl x > 1 Ua^JI d2£ 2^ t well -formed formula 

* u a2l (jjLLall (jjilaj <2jia ^ H>>jj LajSj tdlljaxLall 

: Variable x jjiiall - 

.X 4 xi 2 ^jj-^iill ^Jl SjL2l ^maj ‘X ^>axi2l A-aixi l^jlja-a “LaJSS t<j^ii. 4 1-a-N (Ja2 X > 5 JJJit'llI 

x : a J12I (> Declaration ^j>-=2I - 

."a <C-jx i-n- all ^y> J..-i 'C, X ^Jj-^illl 12k l__)2j tX J,_:V'l-a ^jc- ■ ,n‘ X ! 3 j ^11 ar'l 11 

:X ^uul2l ojL*2 p SjL2l — 

.Q (_)2 i'q.all <-a->i id <c.jxi-n- all ^ya J.,- 1 'y V X t _j2l p ojljxll (jjjLiLo Lil ^-uiajj Q x i 3 • p 

(jjLLalljtV -j 2 ‘Universal ^ ^1 fq-all Quantifiers <xa2l (jjjjli2l o2k 

• 3 212 ^,’iVinnj tjj^._jll (jjLLa ^1 existential 

Universe of Discourse ^^1 ^-b^all 

:<j i - A2 ‘ (_s-21l ^ ^1' 
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ijj£j jl jS*j entities djbbSlIj t JaSJI £* J*l*d jl! set of entities djUbSlI 

(Jj^ 3 L-LyUall (J£ jl tLo lJ&ja diljljjaJl jl tjl cA jqjq^ll 

•Ji-o^*-" 

dj*!! cjljjilaJI (jl.ii* J (jUsu lj) ja universe JSlIj • 

. JS1I (jlkill j* jjl£ SjUc ja ±iuuS\ (jkiJI J propositions jLJJ • 
natural a i» i^ 3—»\t jlicbU <iunl\j lid* t jlj*,.Jl j* 1 **> >dlj jJLi jl Jlj j^l tSilc. 1 j~i ^ * d Jj ^sljl ^is it (jjUajllj 

: Jji numbers 


forAII x, y (x < y or x = y or x > y) 

Universe JS1I t( jlJI j* li*c-> <3 jj** N jV t forAII x, y in N: JJjj jjiij jjj jV jrldd di 

tIJS AjiiiaJI .lIlC-VI j* (jJj 4j» 'J l*J3 (J* V' A n^i'-sll CijlS I jl tgj Jill Ajld) ^-.g *11 j*j tOf DiSCOUTSe 

.y j x (JS1 Ajullllj 

Universal Quantifier For All " V Jill o 1 '^' <jjaj ^ 

. diljllSlI j* ( *a*J* (Jja. djljdc. <£.' n^i_i lil g.*.uu (jjLjLall 

V X : a * P JS1I (j*U*ll itia 

a jl dJ t p <l*aJl (jSaj a <c>*aJI j* x J JS1 J “ for all x in a , p holds ” tjL ^illj 

A » n.-iS c tX ^),)»."'*ll J-diujj Jill Sjllxll P jlj tjJSlI £-juiaj*ll ji^ir. jA X joidallj ‘ ^JS!! j r. -1 oil ^A 

te. 1 j.ui* <l*a> p(x) dna. t p(x) jjj X J j* du3 igH jl tp(x) jjj X J JS1 lj£j tV X p(x) :ljSA I g nSl 
. j^aljaJI jl djljjlSlI lillj (JS1 4_uda j_j£j P(^) ijlj t(JSll £-jjlaj*ll ^3 djljjlfill ^ ^Jc. cJlj V X (jjULallj 
: "All cars have wheels" <1*JI isAilj t(_gjl^VI (JSo*SI Jl iVI <*I1I Jj^. Jlii* 

.V x : car • x has wheel tg fj*i\ _g 
ju*i j]l‘cars’ j* jjl£] jjila x j t ‘x has wheels’ jl US Jj£ siiui* a1^ ^ P(x) dip. t x P(x) a_i&jj 

. Ua ^ 1^.11 i^-i^*]l 

Existential Quantifier There Exists " 3 JjJI 

.<] Lajuil JSled jl jjl jjtS jlj t3 J_jaJI (_)jLiLa jl ^JjaJI (joiLiLall lj] ^uuli 

3 X : a • p A » n-all ^—3 J_jaJI (jjiLiLa !lla* 
(jLd a <£.^*^*11 J j* x jjiU3 <*J ijljj J t“ there exists an x such that p holds ” JliUI Iia IjL, 
lillj (jUd J j.^r. x jjidallj t3JL**i3 universe of discourse J£JI ^aj*ll ^a a ^*^1 jjij t p aL^S I 
X J “i*J3 likjj Ijij (_Jlj ‘3 X P(x) Ig n^j “SL)^ Ajtju^p^j tX jji!l*]l 1-s“nin ,_JI ojlaxll ^A p jlj j t^-_ja^a_JI 
12 ljj (J3VI Jc. l^o3 X J*J te.Viui* A 1*-n P(^) dirs>. ‘P(^) jjj X J elaJj “Loj 3 dllA JaVI Jc. jl ‘P(x) 

>t J£JI J In ill ^_3 X jjlSIl (JjVI (J^ elSklj ^ *;3l IdLuo j_j^J P(x)j t^J^tl ^-_ 5 ^a_j*]l ^3 X jatS 
: Someone loves you <1*JI idUlj t(_gjdkVI US dll Jl <jJedVI <*111 Jjjed Jj^. Jd* 

.3 x : Someone • x loves you JSdld tji*ilj 
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jll ‘ someone ’ Jill ja ii# x Jj i‘ x loves you ’ :jjl Jj£ SAia*. 4laa P(x) dip. t x P(x) i_u£Aj 

. IaA jjl-laj jl ^j) >■ r xd lAlAAa. 

Formula AJu-aJI 

jg h'ij Jl aj, w.11 jp djldtlll A^pd <_u3U aJ (jA 4 j n^ill t mathematical Ioq ic ^^.AalJI (jlv.-all ^J 

. 4_p.LI 1-. i ,-iV I 4jtlll ^ i» a jauSu A3 ^Jll jj-aJI jp 4.1 ml..a jl j-aj (J^ ‘'.n ^ »_n.-ill 

Terms CjUIk^l 

n- <9_ja^a^] 3^u ^ s '~u*** 4 f(^i> • • • i t n ^ jLo functions JIja jl ciuljjj djJiiLaS ^JiiLa aa djl-sU-...->.all i ju 

4jjA]I ^ _n<-ill ,Jc. (_Jaaj oAA Jj AlAm^l (jnJVijj ttj.t n djJilLa 4x._jaa-a ^Vinl tJljAll (j-a 4_£j^3l Jj_jj 3hy 

.JUdl £ 1^1 J tatomic formulas 
Atomic formulas 4 jjLu]I jn.-»ll 

JojIjj Jc. [Jj'iVi V ^jll ^ * H^ill Jl ^AJUOJ 1 4-ilc. J-dj La-a JaC.1 J (_}J ^» I.a-i ^.^A -LuIaa]! 4 in ..-ill 

4 /qJ->i.all ^ u^ill Ji..ul ^A AtOmS 4jjLu 1I jl JjaII 4 » _n.-illj t4A«-a 4jcJ ^j.a-i Jl A_j*j I il» -s’l V (J1I 4 » n^ill jl 4_Jaia 

.well-formed IjUa. SAa-all 

logical Jikiall JaJjV' -I v=.-n., i : JLnll ju^.,11 ^-aau Jldj saw j-a ^ :Compound formulas JSJI jn.,all 

.connectives 

4jJ] ajJjII agIJ jjc jjjj j^ajl i> <l,,lui J >j ^ :Well-formed formula ("wiff) Iaa^ SA*-all Jpall 

R^tj, . . . (J.'all j)-a jl tlAja-aljc. ^^A t2 J tj i.” I i-s tj = t 2 ‘ (J >'MI jp (jjj 4 _uLilil 4 t “La AaJluiAll 4 -p^^l In * .-iV I 

LoAic. 4 ^ ' ■ .-i (jjj ~® (JSojiSI (j-o jl ilAj^alic. ^^A ^tj.^n)j tjlj-^l L>^ fl (jjj 4j!)lc. ^A R a" l j~-> , t n ^ 

Jlla£j ,b j 3 (j^o (jjj LaAic. 4 »j.^-i (jjj (3 t)^ j C)^ 4ajlJI 4 »j.^->ll (jjj A3 jl t4 ^ '■ ■-> 3 (jjj 

. ((((a b ) c) v ((-> a b) c)) v ((a - 1 b) c)) I 4ju^]l 

Representing “ IsA ” and “ Instance ” Relationships AJU jl JjSj ja Ai!$UJI JAw 

La& fi a g.a jjm.,-iA. ^A-Vim'i oAAj tobject Jl^tlj predicate Ana^llj tsubject ^jjAa^all ^j^a 4 oljlaxll (jjij 
(jLaJjj t (j^ajL^aiJI 4iiljj jUcAi "isa" j "instance" ciU^Ua .^Jl J%ll J "isa” j "instance" 

. La^jc. ^ql-iix'll jjijt'ill (J>la (Jj’lAl jJ La^-a IjjA 

"Joe is a musician" 4 J-._ n . ul l Uajl :JliLa 

ClaSS- i-ai. -all 4jla. 4Al)ljtJ Ij^J-i i-a 4._ia .hi La ^jc. 4iJaS ilsA Jillj "iS 3" 4q.^il ^l,'i'\"n.il lj& Ja] 

L'musician" ^^-a^ ajil i Vn ^. 4 JU. ja "Joe" i t "musician" j "Joe" ^.^.ulLi Hla^ ^ajl qu instance 
.UaaJI iilL J class 4jill jl c Vn ^.11 jjAj "musician" j.-Vull instance JAall jl 4 JLJI jja "Joe" 

lj£>*J J (jl ._!%) 4 aLLc. (J^3 i._ '_n.il_yaJl 4.,n,.iiHj Lai t4 K .ux. Lla ^Lull ^-a (_JaLi!ij IjS Lallla u^ll'i^ 4 1 ^-n (J 4jl iaa.V 

oaJ 4iasJla :4aj_}xaa Sjja-aJ 

[Joe] IsA [Musician] 

^aLtll (_J^s. JL A ■ -i ' 

[Instance] IsA [Class] 
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Computable Functions and Predicates 411111 Jljllj ujlAiutll 

La£ 0 { F } _j <oc- ^a*_i ILkj iF i»ll Jc. Allall 0 JljH 4 jS a V’lg; <4111 Syaill ^»4ij 


(1) "evaluate factorial n" 

(2) "expression for triangular functions". 

evaluate factorial n iLi/UJI \ Jlia 

tn! j <1 ^ 33*1 factorial i -_ijj.^-i.all jl i4_jfLLa]l “Lai *_(JajUl ^3 (J.ji.41 Jjs 

.^bal! 1 g 15i'ii (_paj*J Iajj 

<S y*j> U j\ “ if pj then e : else if p 2 then e 2 . . . else if p n then e n ” : Expression j^l 14 j£2 


(Pi e i. p 2 e 2 .p n e n ) 

:<LaaJ] <aoL]| aJ ie. false j true J Fj T ^jall H Pj, po.p n ^Lil! li& 

(Pi e lf p 2 e 2 .p n e n ) 

. AaiaUI -lajyHl iyllall ^kj4l Jjjlj A-a tt-uL-aa JajaiS T <!Laa3 P J■ -V'T- Jjl ojHall e “Lajj i^ya 0OAJ 


Jc. n= 5j tLa_jAC. n! IjiLLa ^Lll j,.m."illj 


n! = n x (n—1)! for n > 1 
51 = 1x2x3x4x5 = 120 
0 ! = 1 


435l*JL g.a'i.iLi La^ 10 ! 


n! = ( n = 0 l.n^O 


— 1 (J^dll ^si\x \\ (jjfLi LS^ Ajlj* jSUjJtlJl 

.n = 0 (n + 1)! = (n+1) x n! jj£u J 

I Lpjbu Pi! SJIjJI l_Sjjju ^jjalluU AAjLuJI AuiajJlll dijj-UJtlt.il 


n . (n - 1 ) ! ) 


:4LL4! 12 ! jIjIj (jVI 


2! = ( 2 = 0 1, 2 *0 2 . ( 2 - 1 )! ) = 2 x 1! , 

2xl! = 2x(l=0 1,1*0 1 . ( 1 - 1 )! ) = 2 x 1 x 0!, 
2x1x0! = 2xlx(0 = 0 1,0*0 0.(0-1)!)= 2x1x1, 

2x 1 x 1= 2 


|x|= (x < 0 -X , x > 0 x) 


|x| = 


-< 


X 


-x 


if x > 0 
if x < 0 


jjc. j mMi Y Jla 
: JljLLl JSajjjall j rn'ill (jc. (Jla LaaS 

: 44141 absolute jUrall 3Jta jc. ja*j ^41 
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tri (x) 


:<212! yyi cdl£ Ijla 


0 if x < —1, or if x >1 
x if x < 0 

l -x if x < 1 


; J<; riillj lg ~T- j i 


|x|= (x < —1 0,x<0 x, x<l -x, x>l 0) 


Resolution jljill 

t Vnu-all i.all ^3 1 g ic. jm'lll (j^l-a-all ^^21 dl_jjiu2l (_pa*j jjl ^^lc. 4jAj21 *La, Wnu-o die-I_ja.l li& 4j ~l*.Vv jljall 

3j£j (jl contradiction (jdaldll t. . i f A J refutation dmll (JjjL jc. dUiVI dW lj=,j J .4 *SJ*S . 

t_lllall (^laia j (_<JjdJI jjiaiallj 4£-Ll^3a]I (JasJI dljjJajll djLjjl 4_uSj ^H-VnuLl (_pa 2 >.. 2 ] oj& Resolution jljill 4_iLaC. 

•JjVI 

Jaas (jVI *_ sj*jj t . inference J 1 V, vi * mV I (jjjljis (j^o Lj_jjls jljall _j m j 

. Vim-all (jj-ii-all ^^ic. (_£jdJI (jl-n-all jljij]l dLuai 1 . a n^’i ^^ic. .ic-ld <ddiljiuil£ 

KR Using Rules <ujaII Jttai ^I^mI 

3c.lj3 ijLa 4jj*-all (Jjila2 AjijLuo dll ijtg i.a tilljAj t4jj*-all (Jji-ai ^HVimLi ,Vna<all (_jjaial! Iddajl 4jLL2! ^-jadjAll 

.frames jLV'j tsemantic net <TJ2I ^production rules ^tuVI 
tlcjdi KR JAoj (jjL jsf JF-THEN jyjljsj Production rules bUJ ^ ^tuVI ^cljaj 

12 ^IjjVI 3 c.!j3j tKR (Jji.cnII (JlSull (j^ (_^j3 (j£2i 1 g K1 “LLuojij 
. unified form i^jA I dU^UacnVI ^a ^v im-all 
:Examples of production rules ^tuVI u^lja Jja. <£j 
IF condition THEN action (dd^ 2*21) (jla (i=>i) (jl£ lj) • 

IF premise THEN conclusion (jLd ^I'lYImVI (jla A *sj*s . Adiaia “Lada dul£ I jl • 
.“UjU-a (j_j£j p3 4jjjdll <LaaJI (jla t(jduL*a p2 <£jdJI <LaaJlj pi “UjaiJI <LaaJI dulS. I jl • 

IF proposition pi and proposition p2 are true THEN proposition p3 is true 

Advantages of production rules (jjjljS dljj^ui 

.^dlj l^alddail (JjjjILo (_$\ cITIOdular “UjLia-a — 
.43_ja-a]l (j^ (Jalui^j 1 _(J^ 1 — 

.“Lajjj (jjjljS (. Vj-s jl to.ll-la. (jjjlj3 add <ald>l 12 — 

.(_£jakl 3c.lj3 (_jl (jc. A Vqim<i ojlc- A Vii.aII (jjjljall jl 3 c.Ij 2I jjj^J — 

tRule - based systems (jjjljall oid»-2l a xiA iVI ^ya ^»j a tWi <3_>*-a]l (Jn^il “UI12 ^tiiVI 3c.lj3 

.Production systems ^ IjjV \ \ LaJajI j 
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Types of Rules jcljill £ljj| 

.(jjjljall ^lljl ^iaj ^3 aJiSLi ‘La.'l Vim-all (jjjljall jj-a 1 _jjl lilliA 

Knowledge Declarative Rules 4u*j>uai3l 3 ijxAl! (jJIjS 
.^jjlkaSI <lLiJI Jja- relationships CjI&UJIj facts ^liJI J£ (j^ljjjll 

. (JL a_i&j]l jla i-**-- ^’ill a.ui.'i i."n^-i^ il lil: Jlila 

IF inflation rate declines THEN the price of gold goes down 

.knowledge base 4i^*-all sj\c.ls jj^a tjaja (jjjl_jall oi& J~aunj 

Inference Procedural Rules 4 ujI>*VI JVjIwVI (jJljfl 

: (JliLa tjjjliaJI (j^vn a_a_)*j LalUa (Jjl...i-a.ll (Ja. (jjjljill oJigj g. -Vijj 
.^Vim-all (j-a allbbJI t. |U ->1 tails t^llajll ^ ("nail <jj)U->-all CjliUJI alulSi lil 

IF the data needed is not in the system, THEN request it from the user. 

.inference engine JV^aVI i> *>■ ^c-'jall 
Meta - (jjjljall (jjjljs ^Jaxjj t(jjjljill <c.ln^il j a. , i-s"nin (jjjljs (y^iMeta rules ^uIja^I (jjbljS jl t^ul^s fbj 

. JV^luVI (JpUaV jUjC-VL lAiVb (jl l-vj Jc-IjSSI (_JI (Jja. al)lj,n.iiSLi rules 
(Wi (jjjljaSI f-ljlj La Ac -1 n si A t A m -a (jjjljS ^3 A m allVbik (jc- jl iitfriiuVI (jc- Vb-a (JlLall I jlA^ (JlLa 
^LaJI (. v^ll jghi ^^ill (j-® IjjJI j_tpremise (jjjljill adbl a /glvi-all -La.vi.all jghi V ^LaJI a_s.igJI jjl£ 1 j) 

.jji.VI “L^jVI (jjjljill (j_j^-° ^.'iVimi (jl 1 nlr. (jli premise <iilaia]l Ig'i.a.vi.a ^3 
(jl (jjjljail f-ljij La tLI*^ reasoning jimi'ill jLajL V tig i-a jaiL^H jj.V ilL Meta - rules jjjjljill c-ljj La jig'i 

.(jjjljall lilli clc-ilkiil jijj (^1 (^ij t jliic-VL oiVl 1. j-s i (jjjljall 

Aiyu all jjc-jjll jjjA : Procedural versus Declarative Knowledge <0^^111 <aj*JI JALa A r u\ J *.y\ <4^11 

La£ ^tliVI ^c-ljil uiilb (jlaliij tlLLo (jj*s .>1 jaII 

bj£i US, (J-aaijj Jhow to do' ^aVI J»ii i-LS Aiyu a ^ laS ^ :Procedural Knowledge ^puj^alll 

^I"~"n . 1 ' ^1 (Jji^ji] A 1» q'l La ?rj.>>Jj lg n 1 ^-aaoj i^iLaillj alll«. Ij^VIj JaixiaJlj all! ;-n jjljlmVlj (jailjill ILLui 

.(jj*^ 

hOW tO J_jJ>i “IjjJi-a Ijl ".La^jjaC. Vji i_t 1 -ag jl aJjiJjj ji jJJJ U^ 1 Ijjjjtall lilli JlLaj 

jjl (j^-aj V (^-^ ‘CuAill jl AjjjJI alljjlg -all l!)liLa te.(_ 5 -aall (Jsa 3 1 g mil jg L'l -Ijjuall oiAj lLa (JsaS ^ jqK dO 

i_ Lkkaj jjl (jSljjj -(jJj^VI jljjVI £-a Ijail^a VI ini'll (jj^j (jl tgJ g.-a.uii V as^^ jljSVI lg 1-a-k i jl tailll-aKl Jj-i'i'i 

(j^a A^jj^ajM (j_J^j ( a Jail j! ^1 g Jill (j_^ 1-lC-La iA j*s jj i-—i* ill <3j».-all <gj_uaa j-lil tLa (■ lji.j j! A xig a ' J'n aillljia^. 

.(jjliaJlj f-LaiVI 

Lla LaS Jai^j t'that' jjl <aj*-aj t'what' LLa <aj*-a ^Jsu laS ^ : Declarative Knowledge ^jj^aall 4 ij*-*ll 

jjl ^jiaLuj ^^^1 allla!)Ldlj (JjILvJI Aij<-a 1 g n; ( x-a2kJj i^iLaillj tJliSLIIj tjL^VIj 4(JjltoJlj tallLjl£llj t^j&lLal! jlLLai 
i"dlljliaj Ajajjl - 6 U"-a'l ejLii.alt' ^(jjjlall Lllj JILa.*Lij)» i^i LL (Jj.'lit^llj AiLajaVI t A **. i^-il jj A Li..;i allljLxj Igac. jJ*j 
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£jJaj A . "CIjjjjjj tiuj jpJj" jl 

(jC> (Jsjjabo (J^juaj 4Lk2j IgJaxjJaj 4-li& C5^ <9jx-all (JloJj t4j\<a» '1 ^jialjC*VI C-llc»V 


u&ji (j# Comparison AJjtLJl 


Procedural Knowledge 

Declarative Knowledge 

• Hard to debug Ig^n 

• Easy to validate t> 

• Black box 

• White box CjlujgJIj k^.^ Ij 

• Obscure k^At. 

• Explicit k^iy^, 

• Process oriented CjULuJI k^j* 

• Data - oriented CjUMI k^j* 

• Extension may effect stability 

• Extension is easy 

UjtjSlJ £k £juljj]l 


• Fast , direct execution ^ 

• Slow (requires interpretation) 1 . 1 U-.T 1 

• Simple data type can be used 

<JaiuLi CjIjIjj Ijjl ^HVnul 

• May require high level data type 

• Representations in the form of sets of 

• Representations in the form of production 

rules, organized into routines and 

system, the entire set of rules for executing the 

subroutines, qa cAc-ya^a jSLii Iglu A <jlac. 

task. 

. 4_iCj9 4 

. Jliijj] f»tiaj (JfLij lg mlj3 (J£ ciA-^ 4_ilaC. 
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4jAjj^al3l CilxJ (j±) AjjULa 

Comparison between Procedural and Declarative Language 


Procedural Language 

• Basic, C++, Cobol, etc. • 

• Most work is done by interpreter of • 
the languages 

• For one task many lines of code • 

• Programmer must be skilled in • 
translating the objective into lines 
of procedural code 

• Requires minimum of management • 
around the actual data 


• Programmer understands and has • 
access to each step of the code 


• Data exposed to programmer • 
during execution of the code 

• More susceptible to failure due to • 
changes in the data structure 

• Traditionally faster, but that is • 
changing 

• Code of procedure tightly linked to • 
front end 


• Code tightly integrated with • 
structure of the data store 


• Programmer works with a pointer • 
or cursor 

• Knowledge of coding tricks applies • 
only to one language 


CjULSJI jjj logical relations CjI&UJI 


Declarative Language 

SQL 

Most work done by Data Engine 
within the DBMS 

For one task one SQL statement 

Programmer must be skilled in 
clearly stating the objective as a 
SQL statement 

Relies on SQL-enabled DBMS to 
hold the data and execute the SQL 
statement . 

Programmer has no interaction 
with the execution of the SQL 
statement 

Programmer receives data at end 
as an entire set 

More resistant to changes in the 
data structure 

Originally slower, but now setting 
speed records 

Same SQL statements will work 
with most front ends 
Code loosely linked to front end. 

Code loosely linked to structure of 
data; DBMS handles structural 
issues 

Programmer not concerned with 
positioning 

Knowledge of SQL tricks applies to 
any language using SQL 

Logic Programming 

Computation CjljLuiaJI ^ 1..0 -A 

.entities 


i_iu^3 j2j programmer I oljUJI <> : logic program jikiJI 

(jjjuo ^VlTnul (jl£ I jl Lo JbJlau VI Computations CjU ClAjliSLlI <jjj CllsCslxll ^ l.n'S 

.V jl CjljUxll lillj (jC. 

Characteristics of Logic program 
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ojUdlj axioms djl.-aUi-all ^ya A£.jg-\ a ^ya ^cUjjJil (jjSUj tdjW.VnuV lj djlifiUJI ^ya A^j<g-\ a) (_jJsua 1I ^jjxnj 

sjUJI J ^q jq-s (> dSLIl <Jl£ CjU\.,.iaH ddlS Id) U rules of inference JVdLUtf! dclja ddaj US tUidgJI 

.goal statement <_*d$JI 

ajUdl ^^Ic. ^»Ui]l A.\ ui.i ,\iqViq t(_jladdl ^c-oljjj (_j*ajUaa. Ldajl jj’nj eXeCLltiOn UYllIj 

djdajj uj-^ 4‘^jjaiUiVi ^j‘qi*iioH djl^UJI .ii,Wn programmer ^c-a^xdl IjdJj t'id_ja._jUI djUUiUI ^IdULuL i. Ugll 
Logic ) WjjIjSJ ^jUu <j ^ SVil l + jlvi-dl J Jji dUdl ^inference rules JVdU>V' delja <u (jUu ^dJI 

.(+ Control = Algorithms 
Examples of Logic Statements jkldl djijUL Uiui 
.A grand-parent is a parent of a parent ti_iVI <-J j* d?dl statement SjUdl jSsl 
(jlS (JjVI dUij Ul 4J j! <1 (jlS Id] grand-parent Ida. ^^sUdl (jjSj :j C5 ikiJI ^U-n.-i.«ll i—Jjil (JS.'in SjUdl £-Uslj 


.yij 

: ^llillS ^ -*SU jjjLall JjV I .. l.fljll]' (_jiaia ojUdl UaJj 

(for all) x: grandparent (x, y):- parent (x, z), parent (z, y) 

.(y J Wlj z (jlSj z J parent IdJIj x) jlS Id) y J grandparent Ida. :x l J\ (jjSj Ij£j 

Logic Programming Language jkldl Ail 
computational ^ldia.71 j-i^dllj ^Ljdl semantics djVVd J ^dU-aj the syntax <&lj,^.ll iJaU; U^jJI UJ 

.model 


ciiLUtaJI ^c-alj^JI -^daj ^procedural ^IjUyi i—ijUVI _ja dti*-dl ^i_jAallj tUjUiadl <aJUUSI ^jJ-Vnl lSj^ 3 

(JU ^dsi CjUIj Object-oriented <akjpll 4.UIS <a-o^JI djUl <aj_}UI odA ^ycuja (_U,djj ieldVI "*_ iuS" ^jc- CjUailL 

.FORTRAN j C 

ULa.'yi (j^ajUsaa. “UjUiUVI <aJU-dl aLj^JI dd^j dlra tdeclarative t ^a^).^iill jA ^d_jdi]lj 

t(LDL) a iqLii.aH djldLull Ajtlj Prolog ^_jljjdl UJ 4 j*s ^j.Uill CjUIII aIuI (j-oj ^11 

.Adjl.GUVI UJUUI UU*J logical properties UikiUI 

.A ;q]-i'i^ll <a^a_)JI djUL (LDL) <Jdlaia]l djLLull Ajtlj ^_j]jjj]I ^^jtl ^At.njj 

PROLOG (PROgramming LOGic) Ail 

f.lSd]l ^UxL die. <3uLi djjUaj i ^C- UixL-aV I «.tSd]l (Jda, ^jAjja dj^Ja d3j ilcjjd Jy&l I A iqLii.aH <a^a_}j]l Ajtl 

.^Sdll dljUl jUdl "UuS” J "IdU" J£l\ Jjdll t( ^Uk^VI 

Syntax and Terminology djU!ikuaVlj 4iU-a3lj 

dc.lj 3 <a_dajj US t^cJI.. statements djIjUdlj expressions djljm'ilis ndjlijS^II tjj ±uuj (jj^j ^i 

.syntactic rules t_jljeVI dcljL C5 - a u U J c_uSjSll 
:Ua (jjlj^. Jl ^_jlj__}JI <*J djljjSUI p t uVlj 
data components djLIUI d J L J U a (A) 
program components ^-“LjJI djL J £ a (B) 
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data components cjUlull cjUj£a(A) 

gjj Data object diULull (jjlSj tlia-o Lwj& £±u ^^ill CjULuII CjUjIS (j-o ^a diliLull CjLjfLa 

Vj (Compound term uS^yt j^jc J constant ciulii J\ variable jjiia :<uL term j^i»llj Lwi 
Cjj1_£31 j numbers jljeVl J atoms ajjLuII ^A\ :Hia (decomposable <j>H] LLIi L. n , nl l obUJI ^l£ 

. dil^uLLotlj 

ts ic. CjIjLuII (jjl£ Lai (Igjc. Will |j| ^^tlj Hi t^iilk-all dlliLull CjIjjIS (jjj <c.lji^ill ^c-lji 

. tlllj ij\a a-ic. 

Data Objects 
(terms) 

Simple Structured 

Constants Variables 

Atoms Numbers 

tall ^Wajj Lo£ sL& (term j. ''■»f j Lwl cjLIuII CjILI£ ^<un LaLoil La£ :Data Objects oLLull oLLlfi 

: (j^o (jjLuill 

.AjjLnll ^u-allj floating point ^iqiW llj integers 4 -. rs c^ll ^ j^aj ^ : Constants Culjill 

jjjS jjiLall j-oj (Unspecified jjc. Ig i^l a-ip^j ^Lil : Variables oljaiLal! 

.underscore ±*l yw uppercase letter 

:Compound terms <^jA\ j^>Li*]l 

.arguments oH-aU-alL Lwi j^>Ludl cs -aW J (functor ywi <KLu> J&l J j.Wr. ,> <LoL. 

J-iC-j (3t0m 4_uLu ‘buj^a jajaiVI jyia.ij (CjLLaLuall j^^a JJiCj 4j (_)^Lk ^uiL joaj IgjjfL fUnCtOT “Uljlll i_ 

:^JLII£ 4 arity JL ^ l^a 

//n = /(tj, t 2 , . . . t n ) 

y <lb <u , i (Wqj //n j^ajli (CjLLaUJI lilii t|'s j (arity oLLaU-a n jje. ^ (jj£all functor < 11^1 y / 

• (jl‘iql*i*^-a jjllllj Ixigq i_atwCjLLaLi-a iic-j ^uiL/l (_>asj functors (JljLi! (j^a (jtliil dijl£ lilj (^^LjjI n 

non-ground Jlj Ground J! ^Wic. 
(non-ground Jl jj-alic. Lbl-lC. Laj (Jaii dljljj Lajlj (Cjljjila ^c. V jxWjc. GrOUnd J! jj^ai ic. 

.ja^aLc. ^ l_jaai aJjiW-all ajlcj 

Simple Data Objects Akuinll CjULuII cALilS 

.Variables cjljjilallj Numbers jI^Ij Atoms <LLJ 1 ^.u.^ll 

:Atoms ^LLull ^.u.^ll 
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Jl 


41L2I (j-o ^jjj 2 i 4 lower—case ajj» jiiiV i—sjj^j i—iisii 


:5lia tunderscore 


a greaterThan two_B_or_not_2_b 

+ — = // $ & (JlLo d^aLiJI J)_j-JI (j<9 (_Loi5Lai J-Om'ij 

ABO 1234 3<>b iJLa 4 (j ■null'll I <ai*-a Jy^aj (j-a 41mlm _ 

.![]{}: 421111 jj^jll 42U2I > <-»\1 cilbSij - 

:Numbers jl.ic.Vl 

JfLilL 4 ^.i-s ^11 jIj&V! (JAuj t Prolog ^jljjJI Ijjb i_h£j 4Lki 4 jjjc. cAjIuis. (Jc. (JaJu Jill dliuL2l 


'. i_SjyxJI 


0 -16 33 +100 


: jiajjll <4^1*11 44ijlallj jl 4iylLall 4jjLi*-all 4ajJallj A i'q^*sll jljE-VI 4 . n^'lj 


0.5 -3.1416 6.23e+23 11.0e-3 -2.6e-2 


Variables dljjidJI 

JliLo tunderscore Jl jaj jl ^liijlj 4~ajj»-^> i—sj^L ^44 o^is ‘Capital letter 'jufi 4jiiiV i—i^L I g .a ml ijjj 

Noun_Phrase , List , X25 : 42121 435121 dljjidJI 

:Structured Data Objects <£jA\ oLil2l dl 2 l£ 
.Special Structures tGeneral Structures i_±£ji jjcjs j* 

CjXoU-4Ij functor Jlj2l jJL j& lyd Jld, j.^v. ja :General Structures ^1*11 t_i£jill 

4 4 L^-ilL Ig ni (_L^a9jj t(j^ljal d5Lal*-all jg A"ij t3tom 4 jjUj a i n^-0 functor 41121 (J-abtij 4 arguments 


. ^ylyjJI Ji dljLlJ JlSi I All,~^j t Ija^aic. Jabt-a (J£ jfA.Ij 
•f(a, g(b, c), h(d)) j plus(2, 3, 5) j greaterThan (9, 6 ) jl*ll ^jill 411a! 
.functor 41b ^2 (j .a 4 >>"l LaJjc. 4 ..-ill jlj&VtS 41 g 4 >i» I £-a jt^il ‘mil £_aaj 421 jA ^4j_>2I l_u£jj1I ‘.A l-iJ-La 


Special Structures 4^.UJI db£jill 

4L^L 111 ^jljjJI 4 j£_>^ j *+- jfc Lists Jljalli clist <22 ^^aliaJI a£.ja-\a ^.auiTi Prolog £_j1_jj2I 
(jj*jj-a (jjaaj_j3 (jjj ^211 3xiVi 4cjUll JJC. 4dlallj 4 [ J 4jjliJI A » n.-ilb 4cylall 4dlljjll Jajjj 4jl_jill oJA (JiLaol 4d5La 


. [bach, bee] [apples, oranges, grapes]:4ilb Jlia 441^.12 

program components g-aUj2l 4iiUjLa(B) 

Laa 9 j 4 CjIijI 21 I qu 4s!4*J1 Vim^ll ^.'iVimij 4 rules (j^iljall jl predicates Cjl.Vimuill 4c._j-a^-a _^a ^4j_>2I 

; ^121 ^-al^jjll dilljfLa 

Subject Sentence 4LaaJI Predicate duuJI Clause SjGdl . 

Predicates & Clause cjI.m.,«2Ij SjUJI . 

Unit Clause odJjll SjLxll :a .41Lv . 

Oueries oljl.ii,.,iVI. 
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Subject Sentence 4l*aJ! Predicate -iL^aII Clause Sjludl 

grammatically-related a-i£JI iclj a_u^ tlpclja <LjljLall cjUKII <> ^ : Clause JJI 

JS jLLa tSentence UaaJI *Lj CjIjLJI a*j lilLSj t J&! J\ SjCc Predicate .i'k^SI jjLj ‘Words 

l^ya jl lila <J *1 > .-iV ^-jjJa^allj t Vnu-allj Subject £-j^la_j-a]l laA (jjjLa ^ya 4lalSL]l <LaJI (jjluj t J£l jl ojbc. A 1-a-N 

. ,i,^« (jc. Ijba.1 Vim-alli t<LaJI 4jc. t"I'lVn 

"cows eat grass" i jVL Une. :JlLa 

eat graSS ^A Ann.aljj iCOWS »^Aj ^'^aJa^-all ^ya (jjuj tojljc* oAA 

"cows eating grass are visible from highway" sjUJI : j±J\ JHa 
U IIaj I'are visible from the highway" iiui-all <>j I'cows eating grass" £-jaJaJI <> JjLa t <*lijU. 0 Ia 

.“la l oj£L& 111 Jluij 

Predicates & Clause CjI.iL*aHj Sjludl 

: jA pjliT.l Jail Ailli t J£l jl ajbc. jj»a Vim-all (jJLi b-lc-IJ 

<left-hand-side> :- <right-hand-side> 

Jl LjilaJlj t"goal" ui^ll C5 -axaj iuaj aJ^A ^ LHS jl left-hand-side jLJI Jl aJJI J 

*_aiA ^..a.Mijj til^ilij Ig nj (_Jaaj i_ Iaa ^ya J£l jl *_aiA (jjau tRHS j! i^t"i-\I jl . right - hand—side^jjAill 

JLII JSLtilj ‘"ijl j»j" jl "(jt£ III" -iaaLj _yjlj ‘ jlJI Jl a_ijljl (J ‘ ijl "sub - goals" 

ijqlilt'll 4-s^aJI ojlaaJI 


head 


pred ( functor(varl, var2)) 




body 


pred(varl) , pred(var2) 
v__ J \ _ J 


literal 


literal 


clause 

JJ (_pa*j t'iii 2 «-a <*J] a il-LYI Jjyi (J a ~X.a.all oljliiJ! (J-Jj ijjlJI (J^.uiSI Literals JL i--YL 

.“Lsj^ (Jjjlui jl (JjblJ Jql-i i-a jl t A iqi'q-N jl t4*sj*s. aIac-I <jjj Jla allljbiJil 

JILII “LaLlI 'ijLxll : (JILa 

grand_parent (X, Z) :- parent(X, Y), parent(Y, Z). 
parent (X, Y) :- mother(X, Y). 
parent (X, Y) :- father(X, Y). 

Interpretation Jllall 

LHS J i_jl^JI ajJ-a “Laa3 (jjl Vj ‘ LHS sjLaJI jLaJ J 1 - ‘-L-JI ,J ijall ajJ-a “Lajj llaL Ailuill SjLatll 
.AVui.-a.II (jJjj ."a_l!L*a" RHS SjlaJI (j^aJ Jc. JcJll aJllAA^/l j>« a^l a_lJ^a Jjj alijl£ “Llv J YJ L'a^jL-a" 

. Jllaaa J3YI Jc. <jljLc- (j-a oAa.lj alijl£ li] lLL*a 
.Z J llllj ; Y _^Aj X LL (jt^ HI Z II Iji^. X \\ j! c^jLoill JIIlaII a ujAIIj 
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(X is parent of Y) (Y is parent of Z) 

x -^ y-z 

-^ 

(X is grand parent of Z) 

• JjVl yJLill JSuiSI t father lJ J\ mother LI J\ dLlj ^1 parent <1ILI jiuiLlj 

(X is parent of Y) 

X-> y 

-^ 

(X is mother of Y) 

. l_ll ^gjt-all Aiuiilll .lllj a]I.}]I jAuifll ^gli Li3j 

(X is parent of Y) 

x -> y 

-^ 


(X is father of Y) 

special Case A^ali aJU - Unit Clause Saa!$ 1! SjUJI 

. 1 g ik. Ajlajoi jj t. Cjli£)lc. Ugaljj L-lic. iajL] (jjiLull (JLLall Clljlic. (jc. i ql'iVi ojlic. 

.fact Aiaiiall j! o.lal_j]l ojlistlli AiLjLII jjC. AjiLaJI OljliaJI ^.Auii 

:A_ilajL]l JJC. CltSvlxll ^jJc. JLL 

:A*j^a]b (jjAj AjjL^3 SjIjc. ^gA t'X' is the father of 'Y' s^Lall ojL*ll 

father(X, Y) :- true. 

Goal i _ a^JI (jjfLjj tY J X (jlj a£LJ! jjoi9j Lai jolIJ j! tAiiLsa Lajlj ^gA Y J X (jjj AiCX*l! (jlj j. nq'ij 

:<aLa]l jl oJla_j]l ojlic. (jC. jojatjU JLxuul Ac.ht.-> tLlL l-v.a.'u jl Lila. IJ True 

father(X, Y). 

.AiaLuii JfL t. V^-nII LLill «ija " true " ojliull JiL (j_j£j t'n-s 

Queries uljluilmVI 

. ijl . .j’i . ..I ^g.<unG i—jLlI i^ya a i^il a 11 aIUJIj tdirective l^-iajp (_La jl ^a ^_j1jjj1I a*J ^ <■•*'Iji, ^ ,,.vl 
.oljLixll oLa ^gi Icjla LHS SjLtll jLu u_?^y tdauses diljLic. cA^-iajpH jm - ! Aj^c.ljall Aialill 

: JLL 

? - grandparent(Q, Z). 

:Sjli*ll 11rX LiiL j.n9j *,.L/I ILa 

Who is a grandparent of Z ? 


www.myreaders.info/html/artificial_intelligence.html ^ LUi ^la Jl jIjc.1 j> .^r. i.u.^v i s l£jj| ^ Jl 















99 - 


(j_j£j (JjLuiSI (Jtlall <nnillj djl£L)l*ll (jaiuijj (jl ^jljjJI (Jjlau tQ (jc. dl'jl t uqi t uj?' jl-daaL 

:l^La 

(X is grand parent of Z) 

(jjsljjj t jli«q*iinV' ■in-s.all (jl ^laJill t failure (Jaiall jl Success ^Laall (jl Lai jLaisiLuiY! din 4 -% jn 

(jdljjjllj (jjjlaaJ! lillj £-a (jjiiij V 4 jC^aLCyi ^ S-i-l^-all 1—il.iAj/l (jl J^llj ts^ (j_jjtsllj (JjttoJI (*-a 

.^-oljjJI 

Programming Paradigms a^jJI ^ibull 
ill jic-ljallj t^gjLuua.V! ^i^aill lW% <^-aj2l 4*11 ^L i—L^aj jA tModels of Computation t_jm%ll ^iLaj jl 

.<*111 (j£ui J-ldj ^^glill (jjjiLoll Cjljlilc-lj t<ilj/Allj 


Models of Computation <^1=21 ^ jUslI 

dlLLaxll j^o <L,iU (jjilaij jA Computation 4 _jl . u-n II LalLLa 4 dlljLa*llj ^jall (j-o Ac-jg-s a jA t ^ A ■ .'~'-n.V 1 ^ijAall ji 

:A-lmbuil A-ul nil's! ^iLaj 4 jHj lilliAj 4(_£_)dl “LajS ^^Jc- (Jj4.-isll Value <aj 3 ^ic. 

.. Logic ^ikiJI ill (c) 4 Functional ^aLLjH ^ij^dll (b) 4 Imperative^UV'j igyti ' ^jj-ull (a) 

I (jjxig a j ns ay: (jj24.i_jAj liltiA ASkjJ 4 lilli ^1! <sl_Ualj 

.. object-oriented programming <ujt£ll <^j 2 ! concurrent (b) 4 ^IjSlI ^ijAill(a) 

. <ijl ms II ^ iLajll <ia&I (Jjlku ^_S 1 XI g ’XI 4 A ) > nj)S 11 jj-. ' ^ x ~ luul (jj jlAj 

Imperative Model ^L-VI jl ^jjaIII 

^oaljj (j_j£Lu i" ns 4<lLiJil lilij (Jjdtjl ^,'is'inn ojlalxo Operation A ;l.ac. (j^j State <lla. ^ya jjSLj niL.aj/l ^j_jAall 

. dlj/L^J! (j^ •A3& (_5^ f>l» 1 LaS <iui_jadlj 4 j^ljj/l (j-a <L.aL.u (jxa ^jj-aill 

.Y := 2 * X + 3 : J^ilL I gnYn .. t y = 2 x + 3 a .ikkll <ll^3li 4 Linear function ^ ; 1-.<1I a}\^\ dlli JLl» 


<n,.iilL IjAii-o 4 A <ij,Vqll <1UJI (jc. 4 'ql’iVi ^^lill oJbAadl ^JlaJI pLuijl (j-aj 4sJA^-all <1L*1I ^ X “LajS j^Vill 4^ ill-i'ii j 

: s^jjiaJI <1LJI (jjij 4<LUall a ;!-<<ll <1jI*a11 

New State: X = 3, Y = 9 

(j^o (J»-n i (_^lillj 4 ^-aljjll Jaii (^-^11 (hardware i_±L-sall jti*ll ^11 4 _jjja ^.,u)L.uYI ^i_jAill 

.execution time iiiiill dij ^11 jm^I Lvi_jAj 

Functional model (jiolajll j>ull 

4(_£jiJ (JljJ !*-a 2-o^J jl ^ami. 1 ^3 (Jlj^llj 4 (Jlj^ll dlLLaCj 4 (Jlj^llj ^Jall (j^ Ac-j)A~\ xi j^o <itu^ail ^ajLjll ^ i_jdill j 
Ac\ i n*\ II <oLa*lli 4^t-oljjll (j AjJa (JljjJI djla£}*j (jj^jj .^cjllill 'ijlclj l^a 3 dl!)Lol*-o jl djj^ ■y'u < s (^>^1 (JI3J Ai^l 

. 1 ^ 10^0 ^ja ^ \r. <1C ^aij (jjalaj (_jA Computations jl 

•f (x) = 2 * x + 3 : J^ilL a]\£ i_sj*^ J j^u t y = 2x + 3 :<j 3H3I Linear function <ikkJI < 11^11 Jti# 

:Sysl.ilI 3,’lVi; 4 jUa\l (. i)jj <SjIj <aj 3 <a!Xc. ^a 4 Circumference 1 -ij-n. all <-aja djiau JlLa 
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Circumference = 2 x pi x radius , where pi = 3.14 

^41 j 'UoM l_a l -Vi jjiiLallj J-> 1 *s all jiuulj 

Circumference(radius) = 2 x pi x radius , where pi = 3.14 

.(JjLuiaJI (Jaa. Igj jaJJ SjC-laS dlla^Uau-aYIj (jjiaJI i"iK/ii'lj toJlC. ^C. A iqjhj]l ^iLoill CjjjlaJ 4] 

Logic Model t 5 ikL4l 

<i*a_j4l td]l4il*JI ^glc. ij (JY4j4iMj Cjl4il*JI (jlc. -iaaaj ^1 m-sll ^olVw'll ^i^aill 

.otfyij 

i^jlvsll ljlj4l (j-o (Jl4a 
: JfL4L 1 g 1/Wn j»jaj (jl (j^-aj y = 2x + 3 4 ilrsll 41141 

f (X , Y) if Y is 2 * X + 3 

,y j X (jjj 4aYl*JI (J/iali <1141 Cula liA 
:Circumference U)^ «\\ 4*4 Wi Jlla 
: a »ji.4b ^j^aill 14 Jiaj yjl4l 

Circle (R , C) if Pi = 3.14 and C = 2 * pi * R 

. 0 R ^1*41 ^ b.->i 4aYlc. 41141 diilSi Uaj 

: Penelope uj^iiuj Socrates Jaljauj alia 41laus t^A ‘‘‘** 4lai* 41lui* <*j 314a 

^}b4l (J^ tjl j'j ^ilflU 9 t^jb^iij c_J^iilJj Jaijajuj j£ ^A ftllax41 <iia4li 4 C_J^iilJj iaijLuj ^glc- ^441 i. £c-<slj^}jll 

■A 

for all X, if X is human then X is mortal. 

- A » 411 jjjjla 4>?kj ^Axj (_j*alj!iaYI A.■ ^ai 4l_]_jlilJj Jaljiai alia ^jic. j»4ij ^4Jj 

mortal (Y) 

i _jA 4JLb4l ^jjla^41 ^al44l 44j4Ij 

human (Socrates) 
mortal (X) if human (X) 

:^gA .444 alia dibiY <jjIu4I Cj14aaSIj 4~ 1 mortal (Y) j^jL 4I t _j*a_)All ~ >yu.ii 444 ^glc- ^441j 


1. (a) 

2 . 

3 

4.(a) 

4. (b) 

5. 

6 . 


human(Socrates) 
mortal(X) if human(X) 
“'mortal(Y) 

X = Y 
-'human(Y) 

Y = Socrates 
Contradiction 


Fact 

Rule 

assumption 

from 2 & 3 by unification and modus tollens 
from 1 and 4 by unification 
5, 4b, and 1 

41 jkJ! : SjUJI J4 JjYI j44l 
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. (jli X (jli X CdlS, lj] t x (J£L1 ^ t A-ilJI (JjlLall (jc. tjjli jallll (Jfi iiJy*JI (JiLaj (jHI jl> * ll 

. (Joljislii t f. Il3 ^Jc. J II CjlliaXA .-■ Jl i a' > .-i ~ llilllil jl) . 

tiriodus tollens <JUiLVI (jjlii ^I.Wiml c.jlul tdJlillj jllll (jjjlmill <jA ja |b j a| JJI jlimll 

. llLali. -iaji]l ji (_paja]l (j_j£Li f*U^3 tloiaLi (jjjlill ^IVnmVI (jlfi Ijl <jl ^Jc. (_)-—»~iJ (_£ill 

(JSLd (JjVI jli*.;ll £a (b) £jlJI jJ-i*nl'j (JaaLHI jli*.;ll (jl Aaj tilldj t<Ajall (_>49j 1 Ag 1 (jV (jl,*iVii Y j X 

. jjlj JoJLaS tilli jJc-j t(_<J_)AAJ Jaljluo *_SJ_)*j A— 0 tCOnthadiCtiOnS LdiSlu 

^InVnul iA > ,!\c, i_jl_jxAaj (Jojl 1 J->*s CjLuV t(_pa3lu]l (jc. t“ l-s n (_£lll (J'V. Vi * nV I (j_jjlii ^InVnul laA jju (jl l~i*sV 

. lA^ualic. 4 jIaj J_)Xa 1 dlljljaJI (jjj JjlLall 

4_iajH*JI dlljlnll AeljS J ^dsduu ^JaaII IIAj tda.'l-s'nn^ll j 1 ta gill CjIaIaC. Ja^aA Logic IT10d6l Jalall (jl 

.expert systems s^udll Jillj relational data bases 

Forward versus Backward Reasoning JlaJI Jjlia ^taVl jAutiHI 

11**> .>ij' la£ t (JV i Vi i ul iJjA*-aj t (_yl A**. II (jA ‘Iaja'N aj t(jjjljail (jA <c.j a'N a (jA (jijl_ja]l ^Jc. *ia"i».a.II ^1 h ill <jjlaxA (jjju 
tJjAAll (jjjljall ^ya 4e.jA-s a tljlqn'iil (j^AJ Jill todijl (_3jbars_5l * _ at dj£l JJ JiaII oAA ^B tlllui tilli 

JkJl Ana'l l jb Jtillj forward chaining ^jJj\ JqM I jb JjVl :Sdi*. <aj*-a j-HiV (jjiiudj jy%>^ 

.backward chaining 

.l^iilaj ^^1 (jjjljil! (jc. i."i^. ill (jjjULxllj Idjj tdjlibJlj s^laallj Ldul ^.auuj : Forward chaining ^^aLoVI \nqill 
j£\ (jdljall jjc. di^jjj t 4ild&V U ^ l^jjj sjUII Idyl :Backward chaining ^gUII jj'^l i 

■ \ llllll lillj “dba-] (5^- diliAJ 

Control Knowledge AijsLAtU ^JLadlit 

~ ~ j laA t dllj^ AII ^Vlllj t JSUmJI (_l^, ^3 da.^'lnAll <3j3«-all A » l_lll l LlaSJJ iglllA diljj^A ! (jA <AAjjl_jd]l (jj£jj 

^•s'ill Idlj (jIiiaII (_^jIaj <yAjjl_jdll : (jl Jjij I^J tig maj <3 jxa]I ^1,'i's'nul Ajuula d^2tj <I=luiI_jj t<lluut]l (Ja>. 4j'V illjlmj 

: jl 

Algorithm = Logic + Control 

t<JAjjl_jdll oe.U£ ^ Jaas jjjj ^^•sill (_gjw a laiu t<AAjjljSJI a »JAay logic component (jl> iaII (jjK a 

j)A “L^-dalj dlljlc. tULaj CjIc-IaasII oIa Ai.1 (jjS dij tdjl i!a»II (jASj t^gl'I-t A (jjiaj <aAjjl_jiJI <c.Iaa 3 (jl^AVlj 

IgJ tSjawl “Ix-la-a (jjSl jj. (jl-> iaII (_gj 1% a (jA ta,Vg» a <11aa A ;-s nljLml t—iiajtl IgjSJ t alit^ll (_gj'W aII 4-f^.l 

.A lg m “UlutA (Ja. -dauijljJaAl i—aJojJ t ,Vi» a (jliiA (_gjl^»A 

(jjd (_$l t‘A_iAjjl_jitJI (_gI-> 1A (jjd ^^.'ill (_gj;"i-s a (jjui-s'i A li.al^j t IjIja (jm-vl'l (jl (j^-aJ ‘CiAjjl_jdll o«. Ii£j 

.logic (jl-iiAlIj control ^fLdJI jj~ (J.^iqll ^Jl oliLiJI jic.Ij 3 ^_3 tUljAj tig *.q~i <oAjjljdJI a »i_il> 

<j| t_jjdjj tadvljll Ajtill ^jB (jl-> iaII ^ajjaII Jdty t")i^> t^Villj (jliiAll (jjj (Jjij V ‘^aA^all dlliJj 

.JjUall (Ja. ( 5 ^ c ‘ oj^S jjSV I \iqVill 

^a^aj lade. taddJI (JjIaaISI laaSj JJ^Ij t(jnaVill (_gi “U_jg_ui ^y^lj t(jlya.VI ^ ^ t^i l-JjjaIxII g^ljJ (jj^lltu 

,<j£j A a li ilU AjA^iA “Ijjiaj <Iauil_jj tillij t(j^3lj (Jj-IaSl (JjIaa (Ja. dllaJl^. jqVill <a]l 
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.4uj_}*ll <*111 (JjLlui !*-a (_pa3lilj ^1 La ‘Ljjjl'S iV' <*11 Lj (jilt,nil <J_jljL/l 

^3 la^Jj tjailxall ^.'n.-all V q.all jl jluAl t_iuuVl 4 uj_)* 1I oJ^iall (jfr Clraull 

.‘w.xi 1$-1 ‘■" u ^) c - 6-l^lj <a!S 

La-a t4ua^aJI “Lazuli ^ya Lljjal (jlS-aVl J^3 (_luaL/Lj La£ <LasJI CjLalSi i_UJjp (Y" 

. LLraL.. i» -all ( gle (Jju-i-allj jjfljull ^—3 <jjj» > s-i ^ nun .iS 
i ^r g i,all (J.uiL.a.il A n^rs ui <Jj_j ij ui*s (_g_>i.l ajluaajaVIj * >il^a j^a ajl^uiV 1 ( £ 

. 'g . ><» I (Jjjiajllj Cjljaall (_paa-J a Vw ^gixAJ 
l^j^jla (_^yaiill j! t j.'U.-i.aH ^gi IguajaJaj ^a.}C. i. nun <Lal£ ojaa a Q-nI Uu^.1 

• Ja^aVl jrjli- ('^ja -liij jl <jl La 4-9 Lja! ^ u*-all 

Uii^ LMj iAajlui <u_>C. CjLtj£ ^gi o^jjj La] (JjiSj ^ajj ^gj^aJI ^U-u.-i.aH jliii.1 

.A ji^i-s uill 

aliu^l/l £-a to^a (Jjl yj^la Aic. ^gj^ail ^IsLIaII ^ n'sVI ^Haa^aall (_pajc. (V 
i—klliuj V Laj LjjIjjuC. ^laliall ^U-.. y,A\ jg hj ljlai.lj tlA^aj 4 ujj* 1! “La^jullj 

. ^ n^V I £-a ojx (Jjl ^gJ^xll ^U-iu-i-all jjjg In ojjja^a 
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